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Recurrent selection is a cyclical breeding technique that has become popular in 
comprehensive maize improvement strategies. The magnitude of response in recurrent 
selection depends upon the modes of gene action and their frequencies in effective 
population sizes. We studied four effective population sizes with the objectives: 1) to 
estimate response to selection and inbreeding effects, 2) to partition the response to selection 
due to additive and non-additive genetic components, and 3) to examine changes in the 
correlated traits. Four effective population sizes 5, 10, 20, and 30 progenies were developed 
by Si-progeny selection in the BSl 1 maize population using a 20% selection intensity 
designated as 5-Si, 10-Si, 20-S,, and 30-S, programs, respectively. After five cycles of 
selection in each effective size, population per se, populations per se selfed, populations top-
crossed to B97 and B73, CO x CI of populations, diallel cross among CO, C3, and C5 of 
populations including five checks were tested in three Iowa locations in 1997 and 1998. 
There was positive and significant responses for grain yield in 30-Si, 20-Si, and 10-S;. The 
response in 5-Si was significantly unfavorable due to genetic drift and inbreeding. The 
highest response for grain yield was 0.11 Mg ha"1 year"1 obtained in 30-Si, which was double 
that in 20-Si and 10-Si. The Si selection increased yield in 10-Si, 20-Si, and 30-Si due to 
favorable additive effects. In BSl 1C0 population both additive and dominance genetic 
effects were responsible for grain yield; however, the additive effect was greater than the 
dominance effect. Larger population sizes (20-Si, 30-Si) had loci with more favorable 
additive effects and showed better response to selection than the smaller population sizes (5-
S|, 10-Si). The inbreeding depression effects were significant in all the populations as the 
result of genetic drift. Grain moisture, root lodging, stalk lodging, and all other correlated 
X 
agronomie traits were improved in the desired direction. Direct and indirect responses were 
more favorable in the larger effective population sizes than in the smaller. The results suggest 
that effective size of 30 is preferable for recurrent selection programs planned for at least five 
or more cycles of selection. 
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CHAPTER 1. GENERAL INTRODUCTION 
Introduction 
A successful germplasm improvement is based on a critical decision making process 
in recurrent selection programs. Appropriate choices have to be made regarding proper 
effective size, population type of progenies, extent of evaluation, recombination method, and 
availability of growing seasons (Maunder, 1992, Hallauer et al., 1988). The concept of 
effective population size is very important to consider since it seriously affects the outcome 
of selection programs. In applied maize improvement programs breeders work with a limited 
number of progenies for intermating to form an improved population that constitute relatively 
small size or finite populations, which undertake changes in gene frequency from generation 
to the next generation (Omolo and Russell, 1971). Mainly this depends on the experience the 
breeders may have with the germplasm. However, determining the number of progenies and 
the extent of evaluation and recombination is constrained by the availability of resources. 
Various improvement studies in maize populations have been conducted without due 
attention to effective population size. The studies have been using as small as less than five 
progenies and up to 50 progenies for synthesizing a population (Hallauer, 1992, Darrha, 
1986, CIMMYT, 1981, Sprague and Eberhart, 1977, Rawlings, 1970, Baker and Cumow, 
1969). The types of population, traits studied, number of progenies studied, and selected have 
been all varied from each other that created difficulty to determine appropriate effective 
population size in maize populations. 
Experimental and empirical evidences; however, show that using too many progenies 
for intermating maintains adequate variability in the population over a long-term selection 
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program at the high cost of resources and resulting in only small gain per cycle of selection. 
If the progenies that are recombined are too small in number substantial genetic gain may be 
achieved in a short-term program but it faces the risk of loss of genetic variability leading to 
rapid genetic uniformity. Various disease and insect pests and other environmental stresses 
affect genetically uniform or narrow genetic base populations. A typical example in this case 
would be what happened in the USA in 1970 when a maize hybrid containing Texas 
cytoplasm male sterility was severely attacked by a hazardous disease epidemic of Southern 
com leaf blight Helminthosporium maydis Race T causing up 50% crop loss. Therefore a 
committee on genetic vulnerability of major crops published a statement announcing the 
major cause of the problem was due to the genetic uniformity and recommended the need for 
using broad based breeding populations with sufficient genetic diversity in recurrent 
selection and population improvement programs to avoid the negative side effects of 
genetically uniform crops (Anonymous, 1972). 
A comprehensive and efficient breeding program should make use of optimum 
population sizes that will maximize short- and long-term responses i.e., not too small, which 
may lead to a decline in genetic variability, or not too big that may retard selection response. 
Therefore adequate information in maize is required to establish the appropriate effective 
population size in recurrent selection programs. In BSl 1 maize population Weyhrich et al. 
(1998) studied four effective population sizes after four cycles of Si recurrent selection and 
reported significant increase for grain yield in 10-Si, 20-Si, and 30-Si programs and did not 
detect significant difference in rates of response among 10, 20, and 30 effective sizes 
respectively. Grain yield decreased significantly in the 5-Si program and the conclusion was 
recombining more than 10 lines is not advantageous. In the same populations Guzman and 
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Lamkey (2000, 1999) and (Guzman, 1998) reached similar conclusions to that of Weyhrich 
et al. (1998). They also found no significant additive genetic variance for grain yield between 
CO and C5 of the four effective population sizes. 
Effective population size is crucial to realize response in selection programs 
especially when incorporating exotic breeding germplasm for adaptation and introgression 
into existing local germplasm. The current study was undertaken in four effective population 
sizes developed in one source population BSl 1 maize. S i-progeny recurrent selection method 
was used to generate the progenies and selection was based on a common 20% selection 
intensity in the different effective population sizes. The results from this study are expected 
to serve as valuable resource regarding the changes that may happen in effective population 
sizes of maize and should give guidance for planning and conducting short- and long-term 
maize germplasm improvement programs. The specific objectives of the study were: 1) to 
estimate response to selection in four effective population sizes (5, 10, 20, and 30) developed 
by Si-progeny recurrent selection method in the BSl 1 maize population, 2) to determine the 
relative contribution of the additive (homozygous) and non-additive (heterozygous) gene 
effects in the different effective population sizes, 3) to determine estimates of the relative 
effects of genetic drift and inbreeding, and 4) to examine the changes in the correlated traits. 
Dissertation Organization 
This dissertation is organized into five chapters. Chapter 1 provides general 
introduction that highlights the importance of this study and the goals to be achieved. 
Chapter 2 presents a literature review. Work that has been reported by previous researchers 
and other information pertinent to this study were reviewed in-depth. Chapters 3 and 4 are 
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prepared in the form of complete manuscripts that will be submitted for publication in 
professional journals. The manuscript in chapter 3 deals with the response to Si recurrent 
selection and inbreeding in effective population sizes of maize. Chapter 4 focuses on the 
estimation of genetic parameters in effective population sizes developed by Si recurrent 
selection method. Chapter 5 contains the general conclusions of the dissertation. Appendix A 
presents the procedures and sequence of the selection programs. Appendix B shows the 
mathematical details of derivation of genetic expectations of different types of populations 
and gives descriptions of the parameters. Appendix C provides the combined mean results of 
the populations for different agronomic traits. Appendix D shows tables of matrix 
arrangement used in the analysis of the different population types. Comparison between b-
values of estimates and ANOVA tables are presented in Appendices E and F, respectively. At 
the end of the dissertation general references, acknowledgements, and vita are included. 
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CHAPTER 2. LITERATURE REVIEW 
Effective Population Size 
Effective population size is a function of the number of progenies selected in 
recurrent selection to synthesize a population. It is also referred to as the effective number of 
breeding individuals and represented by (Ne). Many authors described effective population 
size in terms of the changes occurring in a sample population (Hartl and Clark, 1997, 
Falconer and Mackay, 1996, Kimura and Crow, 1963). Falconer and Mackey (1996) defined 
effective population size as the number of individuals that would give rise to the calculated 
sampling variance, or rate of inbreeding if they bred in the manner of the idealized 
population. Similarly but in different wordings Hartl and Clark (1997) described the effective 
population size of a population as the number of individuals in a theoretically ideal 
population having the same magnitude of random genetic drift as the actual population. The 
change due to sampling is assumed to be similar to the one in the actual or realized 
population. Effective population size can be measured in terms of: 1) the change in average 
inbreeding coefficient (inbreeding effective size), 2) the change in variance in allele 
frequency (variance effective size), and 3) the rate of loss of heterozygosity (eigenvalue 
effective size) (Hartl and Clark, 1997). The concept of effective population size is based on 
the fact that natural populations size fluctuate from generation to generation. It was Wright 
who first worked out the effective population size at the beginning of 1930's by considering 
the effective degree of inbreeding in various populations. Using the rate of change in 
variance in a population Kimura and Crow (1963) described effective population size for 
overlapping generations. If the number of individuals change from generation to generation, 
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then effective population size is the harmonic mean of the actual number of individuals i.e., 
the reciprocal of the average of reciprocals expressed as 1/Ne = l/t(l/N0 + 1/N1 + ... + 
1/Nt), where N is the actual number of individuals in a population and t is generation. In 
idealized population the rate of inbreeding (AF) is related to the actual population size (N) as 
AF = 1/2N. Similarly the effective size is related to AF as Ne = 1/2AF. Therefore, for any 
breeding structure Ne = N. If a sexual population consists of Nm (males) and Nf (females), 
the actual size (N) will be N = Nm + Nf. However, the effective population size is Ne = 
(4NmNf)/(Nm + Nf). 
Generally the number of lines intermated in a recurrent selection program should be 
as large as possible because expected total advance and "half-life" of progress from recurrent 
selection are proportional to effective population size (Robertson, 1960). In quantitative 
genetics and evolution the rate of genetic drift and inbreeding are functions of effective 
population size (Caballero, 1994). 
The number of lines intermated is related to the effectiveness of recurrent selection. 
Based on the effective size of 20 in the BSl 1 maize population Weyhrich et al. (1998) 
reported on the relative effectiveness of seven breeding methods when 20 lines were 
intermated. Most of the selection methods including mass, half sib (HS) using inbred tester, 
full sib (FS), modified ear to row (MER), reciprocal full sib (RFS), and selfed progenies (Si 
and S%) had significantly improved grain yield. Except for MER all methods improved the 
selected agronomic traits in the desired direction. For grain yield inbred-progeny selection 
methods (Si and S2) performed the best (4.5% cycle"1 for S2) in the BSl 1 maize population 
and mass selection had the lowest response (0.6% cycle"1) to selection. 
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After five cycles of selection in BSl 1 maize populations Guzman (1998) reported the 
genetic variability between CO and C5 of four effective population sizes, namely 5, 10, 20, 
and 30. Based on additive variance differences for grain yield the populations ranked 5(C5) > 
20(C5) > CO > 30(C5) > 10(C5) but differences were not significant. Predicted gain cycle"1 
increased for a trait in the recurrent selection with increased effective population size but 
difference among the predicted values were agronomically insignificant while results from 
the selection trials of the S, selection programs showed otherwise. More than 10 effective 
population size was suggested to realize gain for long-term recurrent selection (RS) program 
and lesser for short-term RS program. 
Selection Response and Genetic Effects 
Selection response per generation can be predicted (from genetic gain formula) as 
h2S, where h2 is heritability and S is selection differential. This formula is based on the type 
of artificial selection known as recurrent selection, or truncation selection, where individual's 
selection in a population is made merely on individual phenotypic value. The difference 
between the mean of the selected individuals (ns) and the mean of the total population (n) is 
referred to as the selection differential (S), (S = |xs - |i). The difference between the mean of 
the progenies of the selected individuals (p') and the mean of the previous total population 
(|i) is called the response (R) of the selection, (R = n' - n). The ratio R/S is what is known as 
realized heritability. Thus R = h2S is called the prediction equation, or genetic gain formula. 
The selection differential can be standardized using the properties of normal distribution as 
(|is - h)/CT2 = Z/B, where n$ is the mean of the selected individuals, n is mean of the total 
population, a2 is the variance, Z is the height at the truncation point, and B is the area of the 
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selected individuals. Each of these quantities is further translated into different variables that 
determine recurrent selection efficiency (Fehr, 1991, Hallauer and Miranda, 1988, Hallauer, 
1981, Sprague and Eberhart, 1977). The genetic gain on per year basis is expressed as AG = 
KCa2g'/y{[(CT2u + a2wg)/n + c^j/rt + a2ge/t + a2g}l/2, where AG is total genetic gain, K is 
standardized selection differential, C is parental control, a2g' is heritable genetic variance 
(additive effect) i.e., a component of genetic variance, which is transmitted to the next 
generation, y is number of years cycle"1, a2g is genotypic variance, t is number of 
environments (locations and/or years) in which the genotypes are tested, r is number of 
replications, a2 is variance from plot to plot, a2ge is genotype by environment interaction 
variance, a2u is environmental variance within the plot, tr2wg is genotypic variance among 
plants within the plot. The efficiency of the selection can be increased either by increasing 
the components in the numerator while maintaining the denominator constant, or by 
decreasing the factors in the denominator i.e., decreasing phenotypic variances and the 
number of years and keeping the numerators constant through experimental precision, or 
improving the quality of evaluation trials. 
Studies conducted in Drosophila for over 12 and 50 generations showed that 
generally response increased as both population size and selection intensity increased 
(Frankham et al., 1968b, 1968a). They also found that larger populations tended to give 
greater response to selection mainly due to larger realized heritabilities. After 16 generations 
the total selection response was very poor for small population sizes of 10 and 20 pair of 
lines (Jones et al., 1968). 
Enfield (1980) summarized the effects of selection on insect pupal weight of flour 
beetle Tribolium castaneum Herbst for over 130 generations. He attributed the total response 
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to recurrent selection to be influenced by the number of segregating genes and allelic 
frequencies in the foundation population, magnitude of gene effects, kinds of gene action, 
effective population size, selection intensity, pleiotropic effects with fitness, linkage, and 
interaction of all the listed factors. There should be several desirable genes at many loci to 
bring a large difference in a population improvement. According to Lande (1981) the 
minimum number of genes to contribute to quantitative variation between and within 
population should be at least five to 20. 
Lascoux et al. (1994) noticed increased selection response in the fifth generation of 
selection in Brassica rapa L. as effective population size became larger. In the Kitale 
Synthetic II and Ecuador 573 maize populations Darrah (1985) studied different selection 
methods including mass, modified-ear-to-row, half-sib, Si, and full-sib reciprocal recurrent 
selection methods using different selection intensities and different plant densities. The 
recommendation was to use 50% selection intensity with 100 entries in the trials for ear-to-
row or full-sib in intra-population selection methods because it minimizes the effects of 
inbreeding. The gain from selection in the variety cross was the highest for full-sib reciprocal 
selection and the least for crosses from ear-to-row selection. Empirical and experimental 
evidences suggest that the number of lines intermated should be at least 20 or 30 to 35 
(Hallauer, 1992). Regarding the actual number of plants in heterogeneous population 80 to 
200 sample size is considered to be sufficient for population maintenance with adequate 
genetic variability (Omolo and Russell, 1971, Marquez-Sanchez and Hallauer, 1970). 
Latter and Anderson (1962) suggested two types of phenomena that influence gene 
frequencies in a selection program: i) directional changes due to the selection pressure 
imposed, and ii) random changes due to the restriction of the breeding population in each 
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generation. Linkage has been also suggested to cause slow response to selection in early 
generations and marked decline in fitness. 
Stojsin and Kannenberg (1994) concluded in their report that the genetic effects 
behind selection response are due to the changing frequencies of alleles with mostly: i) 
dominant effects in modified ear-to-row, ii) additive effects in selfed progeny selection, and 
iii) either dominance or additive effects in half sib selection and reciprocal recurrent 
selection. Indirectly selected traits change in the way that would most efficiently contribute 
to the desirable changes of the directly selected traits. 
When Fountain and Hallauer (1996) studied genetic variability within genetically 
broad and narrow base populations they observed the selected F2 populations from unrelated 
sources and broad based synthetic from unrelated lines showed much more potential for 
improved gains than those from the narrow based populations. Selection practices encourage 
only the plants that humans are interested in while eliminating the rest, which might have 
been a huge wealth of resource for crop variability or diversity. Commenting on the impact 
of selection Duvick (1996) emphasized that historically plant breeding techniques brought 
more changes than had been intended. These changes have been sometimes beneficial or 
sometimes not to human society. The National Academy of Sciences (Anonymous, 1972) 
announced that improvements through plant breeding usually are accompanied by a decrease 
in genetic diversity. Therefore to overcome and reduce the effects of genetic uniformity, 
recurrent selection procedures had been suggested that promise to conserve genetic diversity 
and at the same time provide continued benefits as measured by significant increase in 
production. 
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Generally selection for only a single trait results in undesirable effects (Lamkey and 
Hallauer, 1984). Experience has shown that selecting only for disease resistance leads to a 
reduction in yield probably due to redirection of photosynthate and selecting for yield alone 
causes undesired lodging and moisture content of the grain (Hallauer et al., 1988). On the 
other hand selection for one character such as number of ears per plant or percentage of 
kernel moisture at harvest leads to significant changes in other traits (Fakorede and Moke, 
1982, Baldwin and Bryant, 1981, Borhen and Robertson, 1966). Changes in traits not under 
selection are referred to as correlated responses. However, selection may not necessarily 
bring changes to all attributes of a plant. For example allozyme loci are not affected over 
long-term selection programs (Kahler, 19983). But generally selection reduces variability; 
however, breeders are able to find adequate amount of variability in the advanced 
populations and lines (Peelers, 1988, Peelers and Galwey, 1988, Duvick, 1984). 
The genetic improvement of traits depends upon the number of desirable genes and 
their frequencies in the population. Breeders increase allele frequencies by identifying 
superior phenotypes, which presumably have a greater frequency of alleles for the selected 
trails. The improvement process takes over many cycles of selection. There is a greater 
opportunity for selection if the source population is genetically broad based. At least two 
challenges are encountered in applying recurrent selection methods. Choosing too many 
progenies for recombination would slow the rate of progress. On the other hand if too small 
number of selected progenies are used for recombination the population will suffer from 
genetic drift. The population will change in the direction of selection and genetic uniformity 
will be reached rapidly. Genetic bottleneck conditions hinder the opportunity for further 
selection. 
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Gene effects can be estimated by various methods. The theory of partitioning of 
genetic variances in a random mating population into its different genetic components was 
first demonstrated by Fisher at the ending of the 1910 and further developed by Cockerham 
and Kempthorne in the 1950 s (Hallauer and Miranda, 1988). Comstock et al. (1949) 
outlined the procedure for reciprocal recurrent selection method in order to exploit both GCA 
and SCA effects where all types of gene action are expressed for selection between the cross 
of two populations. However, prior to this Jenkins was emphasizing selection among early 
generation inbreds on the basis of GCA, while Hull was proposing methods for SCA that 
makes use of genes that exhibit over-dominance. 
Design I mating system (nested type mating) was proposed by Cockerham (1954) to 
estimate additive and dominance effects in populations assuming epistasis and linkage are 
negligible. Methods are also available for various mating designs to estimate types of gene 
effects by using estimates of genetic variance components from recurrent selection programs 
(Holthaus and Lamkey, 1995, 1994, Reeder et al., 1987, Penny et al., 1962, Robinson et al., 
1955). The effects of individual loci were studied in isogenic maize inbred lines (Hy and 
B14) developed through backcrossing by Russell (1971) and Russell and Eberhart (1970) 
where they reported all types of gene action including additive (63%-74%), dominance 
(37%-74%), and various forms of epistatic action (0%-78%). 
Sources of Genetic Variation 
According to Lande (1975) the restrictions made in modeling quantitative trait studies 
include large effective population size, random mating, no mutation, and absence of 
genotype x environment interaction. But the effects of some of these factors cannot be 
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completely ruled out. Mutation can be a great potential force for generating genetic variation 
in polygenic characters under stabilizing selection. For an ideal population the assumptions 
Crow (1954) described include: i) constant total number from generation to generation, ii) 
gametes unite at random, and iii) Poisson distribution of progenies. 
Under random mating all the genes in a population tend to become into random 
combination with each other to establish Hardy-Weinberg equilibrium, the state where the 
gene frequencies and genotype frequencies become constant from generation to generation. 
However, coupling and repulsion phases may sometime not actually be at equilibrium 
because of: i) a newly formed population from genetically different stocks may not have 
enough time of generations for recombination, ii) selection especially for intermediates 
makes the repulsion more frequent than the coupling, and iii) assortative mating may have 
similar effects as selecting for intermediates. 
The ultimate source of genetic variability in a population is mutation (Kimura, 1998, 
1969, 1965, Russell et al., 1973). Mutation can produce an infinite number of alleles and the 
effect of a new allele is only slightly different from the parental allele from which it was 
derived by a single mutation step. The rate of neutral mutations is constant and at least would 
be about 10"9 per year (hemoglobin a- and P-cistron) as a result of molecular mutation due to 
base substitution in diverse vertebrate lines. Variations in a genome could arise as the result 
of insertion, deletion, duplication, translocation, and also due to differences in the 
chromosome number such as euploidy and polyploidy, hybridization of adapted material, and 
introduction from other exotic sources (Lamb, 2000, Hallauer and Sears, 1972). Transposons 
are potential sources of new genetic variation at least in the maize species. Transposable 
elements are mobile elements that have the ability to excise and insert themselves into the 
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genome, thus generating genetic variability (Sundaresan, 1996, Wessler et al., 1995, Gierl 
and Saedler, 1992, Walbot, 1992). 
A long-term selection program in Drosophila melanogaster revealed that new 
mutations with large effects and unequal crossing over at the rRNA molecular level become 
substantial source of quantitative genetic variation (Frankham, 1980, Lande, 1975, 
Holdingdale, 1971, Frankham et al., 1968). Based on the results of variation due to unequal 
crossover at the rDNA locus in Drosophila melanogaster Frankham et al. (1978) concluded 
that genetic variation arising from mutation might occur at much higher rate than expected 
(10"3 - 10"5) and could lead to a notable response to selection. In doubled maize monoploids 
the rate was 4.5 mutations per attribute per 100 gametes (Sprague et al., 1960). 
The hypotheses made by Kimura in the mid I960's and studied by Latter (1970) 
stated that: i) mutation can give rise to a very large number of alleles at each locus 
influencing the expression of the quantitative trait, ii) the effect of these mutations are 
additive, and iii) optimal phenotype is fixed with fitness decreasing in proportion to the 
squared deviation of an individual's genotypic value from the optimum. 
The effects of mutation could vary from non-conspicuous to very large and clear 
expressions. For instance Stebbins (1957) hypothesized that through accidental mutation self-
fertilizing plant species arose by losing their capacity for cross-fertilization and managed to 
survive probably reaching their evolutionary change and arrived at "dead ends" of evolution. 
Under intense selfing and natural selection for 18 generations of a composite cross of barley 
variety Allard and Jain (1962) noted that the variety did not become uniform indicating some 
agencies are acting and favoring hétérozygotes that allow variability in the population. 
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Impact of Selection Methods 
As the result of various selection practices genetics accounted for 50 to 60% of the 
increase in maize yields between 1910 and 1980 (Lamkey, 1994, Russell 1986, Duvick, 
1977, Russell 1974). Initially pedigree breeding method was used in open pollinated varieties 
(land races) as source germplasm to extract inbred lines. The original inbred lines are 
referred to as first-cycle inbreds and were primarily used for double-cross hybrids. 
A classical pedigree breeding method starts selection in F2 and backcross 
populations, which are produced by crossing two elite lines or crossing one elite line with a 
poor line that has desired traits and selection continues among the subsequent generations. 
Improved lines generated by this method are called recovered second-cycle lines (Hallauer, 
1990). Baker (1984) reported that the effort to make lines from open pollinated varieties has 
been reduced to 1.6% as most public inbred lines are extracted from recycled inbred lines. 
Jenkins (1978) noted that the frequency of new lines developed and released from broad 
based populations has rapidly decreased from 1936 to 1976 in public supported breeding 
programs. Development of second cycle inbreds increased from 2 to 76% in the same period. 
Pedigree selection is usually imposed on narrow genetic-base populations and emphasizes 
inbreeding while minimizing recombination where as recurrent selection is usually imposed 
on broad genetic-base populations and minimizes inbreeding while maximizing 
recombination (Lamkey and Hallauer, 1984). 
Shull proposed the pure line selection method in maize in 1909 and East and Jones 
suggested the idea of double cross in 1918 to overcome the problem of insufficient seed 
production in single cross hybrids. Then latter in the early 1930's methods were developed to 
screen the best performing double cross hybrids through testcross and prediction of double 
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cross from single cross hybrid performance by Davis and Jenkins, respectively. In the mid 
1940's Sprague introduced early testing technique to identify the best inbred-lines. Products 
from these techniques lead to the transformation of hybrid maize acreage in the US from 1% 
in 1933 to 96% in 1953 (Hallauer, 1967). Methods were established to identify and develop 
more productive inbred lines, which lead to the adoption of single cross hybrid production. 
Furthermore evidences for the presence of non-additive (dominance, overdominance, and 
epistasis) genetic effects were demonstrated in the expression of heterosis of the single 
crosses. Since the adoption of single crosses in the 1960 s maize yield in the US has been 
increasing at the rate of about 2% per year (Duvick, 1992). Genetic gain increased at the rate 
of 56 kg ha"1 year"1 between 1930 and 1980 in Iowa. Two conditions are necessary for the 
expression of heterosis: i) directional dominance, and ii) difference in allelic frequencies at 
loci (Brummer, 1999, Falconer and Mackay, 1996). Use of the same population in replicated 
plots was suggested to develop inbred lines to obtain rapid progress if selection can be 
practiced within a replicate followed by selection of the best replicate (Baker and Cumow, 
1969). 
Improved lines and hybrids exhibit very high response to nitrogen fertilizer, improved 
standability, and greater resistance to stresses such as disease and insect pests, and high plant 
densities. Russell (1991) discussed the improved management practices and various breeding 
methods that laid foundation for hybrid maize development in the U.S. For example, 
Cardwell (1982) reported that in Minnesota maize yield and production increased 
substantially because of improved hybrid maize seeds as well as improved management and 
cultural practices such as ^-fertilizers, herbicides, plant densities, better soil tillage, plowing 
in Fall, early planting, drilling rather than hill dropping, and narrow spacing. 
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Modem breeding methods are arbitrarily grouped into population improvement and 
inbred line development (Hallauer, 1988). Population improvement can be separated into two 
categories i.e., intra- and inter-population selection. The intra-population selection (breeding) 
techniques include mass, full-sib (FS), modified full-sib (MPS), half-sib (HS) progeny 
selection, and modified ear-to-row (MER). The inter-population breeding techniques involve 
half-sib reciprocal recurrent selection (HS-RRS), full-sib reciprocal recurrent selection (FS-
RRS), and testcross selection. In the inbred-line development scheme we find selfed 
progenies (Si, S2, S3, etc.), backcross method (BC), pedigree method, single-seed descent, 
gamete selection, and monoploid (haploid) systems. 
Sprague and Eberhart (1977) summarized description for each of these breeding 
procedures. Each breeding method capitalizes on different genetic effects. Therefore each 
breeding method can be employed separately in a RS program or one can be used in 
combination with the other to improve maize populations (Burton et al., 1971). A few of the 
breeding methods are discussed in the following. 
Progress and Genetic Effects in Mass Selection 
Mass selection is the oldest method of selection and has been practiced since the first 
domestication of maize (Hallauer et al., 1988). Frank Karl Achard in Prussia first conducted 
in 1786 a planned mass selection experiment (Duvick, 1996). The goal of the program at that 
time was to increase sugar content of the local fodder beet varieties. After the establishment 
of Vilmorin Institute in 1856 in France mass selection was replaced by family selection. To 
increase the efficiency of mass selection Gardner (1961) suggested modifications by either 
practicing selection among plants or progenies in subdivided plots as means of controlling 
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environmental variation. Ear-to-row method was started as an alternative to mass selection in 
1896 in Illinois (Sprague and Eberhart, 1977). Lonnquist (1964) made a modification to the 
ear-to-row method and called it modified ear-to-row where he planted one replication at four 
locations and made selection based on average performance of families planted in three 
locations and selection within families practiced at one location. 
Mass selection is based on the phenotypic performance of individual plants. Hence, 
large effective population size (300 - 400 selected plants) with moderate selection intensity 
(20 - 40%) is required to minimize the effects of genetic drift (Sprague and Eberhart, 1977). 
But most people select 2 - 4 % individuals from 10,000 to 20, 000 plants to get 400 plants. 
Selection in mass selection primarily accumulates the additive effects of genes. Assuming no 
epistasis and no inbreeding effects the covariances between parents and its offsprings from 
random mating population is 1/2ct2a-
Mass selection has been more effective for improving characters that are highly 
heritable and has been successfully used to reduce the photoperiod effects and adapt exotic 
tropical or subtropical germplasm (Eto Composite) to the temperate U.S. Com Belt 
environment with improved prolificacy (Echandi and Hallauer, 1996, Maita and Coors, 1996, 
Coors and Mardones, 1989, Compton et al., 1979, Hallauer and Sears, 1972). Five cycles of 
mass selection was practiced to achieve 2-3 days cycle"1 improvements and adapt tropical 
BS28 (Tuxpeno Composite from Mexico) and BS29 (Swan-1 from Thailand) to the 
temperate environment in central Iowa (Hallauer, 1994). Introgressing exotic germplasm into 
local cultivars to create source of variability has several benefits (Hallauer, 1978). Caton and 
Hallauer (1999) also presented the results of introgression of elite CIMMYT lines into 
adapted populations that started in 1995. 
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Seventy generations of mass selection for high protein, low protein, high oil, and low 
oil content in the 'Burr's White' maize variety produced populations with means that were 
12, 8, 27, and 10 standard deviation, respectively beyond the original mean (Dudley et al., 
1974). De Leon et al. (1999) evaluated changes in ear number and plant morphology after 24 
cycles of mass selection in Golden Glow maize population and demonstrated that at lower 
plant densities the number of ears per plant increased from 1.7 ears plant"1 in CO to 5.8 ears 
plant"1 in C24. After 24 cycles of mass selection for divergent long and short ear length in 
Iowa Long Ear (BSLE) maize synthetic Lopez-Reynoso and Hallauer (1998) reported that 
selection for long ears increased ear length by 0.27 cm cycle"1 from 19.8 cm to 25.6 cm (C27) 
and that selection for short ears decreased ear length by -0.37 cm cycle*1 from 19.8 cm (CO) 
to 10.1 cm (C27). The BSLE synthetic was originally developed from 12 inbred lines that 
had above average ear length, combining ability, and heritability (Russell et al., 1971). 
Progress and Genetic Effects in Recurrent Selection 
According to Fakorede and Mock (1982) the term recurrent selection (RS) was first 
used by Hull in 1945; however, they said experiments based on this concept were reported in 
1919 by Hayes and Garber and in 1920 by East and Jones. RS is also referred to as truncation 
selection (Sprague and Brimhall, 1950). A description for recurrent selection was also 
provided by Allard (1999) as a method of breeding designed to gradually combine favorable 
alleles into a single plant through selection among progenies produced from intermating 
selected plants. He classified RS into: i) phenotypic RS where selection unit is based on an 
individual plant phenotype, and ii) genotypic RS where some sort of progeny testing is 
involved to determine the breeding value of individual plants. 
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Keeratinijakal (1990) pointed in his review that the idea of S r progeny testing in RS 
(early generation testing) was proposed by Jenkins in 1935 believing that additive effects 
were most important whereas Hull advocated the importance of overdominance and proposed 
RS for specific combining ability. Moll and S tuber (1974) divided RS essentially into two 
groups i.e., i) intra-population RS where improvement is done in one source population per 
se, and ii) inter-population RS or RRS, which embarks on the improvement of two source 
populations with more emphasis on the improvement of the cross between the two 
populations and hybrids between lines derived from the two populations. Hallauer and 
Miranda (1988) presented a detailed procedure of RRS to generate elite inbred lines for 
developing high performing hybrids using two different heterotic populations. 
The goals of recurrent selection are to increase the mean agronomic performance of a 
population for enhancing the chances of developing new improved genotypes, and to 
maintain genetic variability for future selection i.e., through gradual increase of frequency of 
favorable alleles of quantitative traits (Hallauer, 1972). Together with heritability and sample 
size, gene frequencies determine the efficiency of recurrent selection (Sprague and Brimhall, 
1950). The evidence for effectiveness of RRS in achieving these goals was exhibited in the 
cross between BSSS(R) and BSCBl(R) populations (Schnicker and Lamkey, 1993). Earlier 
Smith (1983) showed that the effectiveness of recurrent selection for increasing mean grain 
yield and improving other agronomic characters in populations cross; however, effects of 
drift due to small population size were evident in the populations per se. Helms et al. (1989, 
1987) recognized the two processes that are responsible to change the mean performance of a 
finite population over cycles of selection i.e., i) selection acts in increasing the mean, and ii) 
inbreeding depression due to genetic drift acts in decreasing the mean. 
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Lamkey and Hallauer (1987) reported a summary of pooled heritability estimates 
from seven RS programs in various maize populations for 121 selection experiments that 
were replicated and conducted starting from 1962. The results showed that in a decreasing 
order for the different programs to be FS, HS, Si-progeny, S^-progeny, test cross with inbred 
line as a tester, test cross with a broad-base population as a tester, and full-sib reciprocal 
recurrent selection. 
Selection in RS is based on mean performance of families evaluated. Recurrent 
selection process involves three phases to complete one cycle. Depending upon the use of 
winter nursery, material, and financial resources at least two years are required to complete 
one cycle. The RS phases do not apply to mass selection method where individual plants are 
phenotypically selected directly without going into progeny testing. RS phases involve: i) 
development of progenies or families, ii) evaluation of progenies in replicated trials in 
multiple environments (locations and/or years) and selecting superior ones, and iii) 
intermating selected progenies from remnant seeds to form improved breeding population for 
next cycles of selection. The types of progenies could be HS, FS, inbred-lines, (Si, Sz-
progenies, etc.) generated by some sort of mating designs such as designs I (nested type), 
design II (factorial type), or design HI (mating type reported by Comstock and Robinson in 
the late 1940's to determine the effects of linkage on the estimates of additive and dominance 
variances and average level of dominance). The choice of a mating design depends on the 
interest of the estimation of the types of gene effects from the covariance relationship of 
relatives. 
Plant breeding depends upon the genetic structure of the base population and the 
efficiency of the selection procedure (Hallauer, 1981, Sprague, 1977). Plant breeders practice 
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RS in various types of crop species. The level of improvement varies very much depending 
on the types of gene action of the trait selected, source population, mode of reproduction of 
crop species, and selection method. The response to selection for yield in maize is estimated 
at 2-4% gain cycle"1 for different RS methods in different populations (Hallauer and Miranda, 
1988), the same method in different populations (CIMMYT, 1981), and different methods in 
the same populations in East Africa (Darrah, 1986). Review reports on response to recurrent 
selection methods were also presented by Sprague and Eberhart (1977) and Hallauer et al. 
(1988). Sprague and Eberhart (1977) presented a summary that included different 
populations and different selection programs and reported that the average gain for grain 
yield was 2.0, 3.1, 3.4, 3.8, and 4.6% cycle*1 for Sz-progeny, FS, mass, ear-to-row, and S|-
progeny recurrent selection, respectively. 
Progress and Genetic effects in Selfcd Progenies 
Selection in selfed progenies helps to rapidly eliminate deleterious recessive alleles 
and is expected to accumulate additive genetic variation (Hallauer, 1981). The advantage is 
that selfing increases the additive genetic variances among progenies, hence higher gain from 
selection per cycle is expected when unrelated Si plants are crossed instead of So plants. The 
covariance relationship of selfed progenies and their parents is ct2a + (1/4)ct2d. When the 
parents are unrelated lines the coefficient of ct2a increases by (1 + F), where F is the 
coefficient of inbreeding of the parental plants. Variance decreases rapidly with selfing 
within lines and becomes zero when coefficient of inbreeding (F) = 1. Genetic variance 
reaches maximum among completely homozygous lines. Therefore phenotypic differences 
among selfed lines increase in subsequent generations but within line difference is reduced. 
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Simultaneous with selfing the vigor of lines decreases due to the loss of favorable dominant 
alleles and overdominant heterozygous loci. 
Hoard and Crosbie (1985) suggested that Si-progeny selection would be more 
effective in populations with adequate effective population size. In populations with small 
effective size, genetic drift and inbreeding become more pronounced resulting in the 
reduction of heterosis. For intra-population improvement program Ghillon and Khehra 
(1989) reported on modifications of Si selection by practicing selection among and within 
the S, families that helped to achieve greater genetic gain per year. Half-sib in combination 
with Si selection was employed by Goulas and Lonnquist (1976) and found to be useful to 
reduce inbreeding depression in the population without decreasing heterosis for yield in half-
sib families. 
Burton et al. (1971) found that Si selection per se was more effective than HS with 
double cross tester because in the latter dominant genes of the tester may mask genetic 
differences among the lines being evaluated. Wright and Cockerham (1986), and Cockerham 
and Matzinger (1985) concluded that self-pollination is the best type of all selection methods. 
In BSSS maize population Hagemann and Lamkey (1992) reported higher rate of response 
for yield for Si selection than for S% selection method. 
Vassal et al. (1995) practiced three cycles of Sg-progeny selection to improve tropical 
white maize populations and reported linear gain per cycle for grain yield ranging from 2 to 
4% in four different populations. In BSSS maize population Lamkey (1992) did not observe 
improvement in Sa-progeny selection where RS had been conducted in the population since 
1939. The first seven cycles were HS selection with double-cross Iowa 13 (Ial3) as a tester, 
and then the population was renamed BS13 and six cycles of Sz-progeny selection were 
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completed. HS improved yield significantly 3.9% cycle"1 whereas Sz-progeny did not 
significantly improve yield of the population per se. The conclusion was that the results were 
not theoretically expected because in the absence of over-dominance Sz-progeny selection is 
expected to be superior to other methods of RS as was evidenced in BS11 maize population 
(Weyhrich and Lamkey, 1994). 
Homer et al. (1973, 1963) compared three methods of recurrent selection after five 
cycles of selection in Florida 767 maize population and showed significant linear increases in 
GCA in the three methods that were included in the study but inbred-tester method was 
significantly more effective than broad-based tester and selection based on Sz-line 
performance per se i.e., 4.4% compared with 2.4 and 2.0% gain cycle"1, respectively. They 
also observed slow progress in combining ability improvement in Sz-method. Rodriguez and 
Hallauer (1988) used half-sib and S| recurrent selection in maize population and reported 
increase of frequency of favorable alleles for grain yield. Garay et al. (1996) used 10 
progenies of S,-selection to improve European flint synthetic and North American dent 
synthetic maize varieties and found improvement without significant effects of drift in a 
short-term program. Si-progeny selection is well suited for traits with moderate heritability 
and works best when the frequency of favorable alleles is intermediate to high (St. Martin, 
1986, Moll and Smith, 1981). 
Progress and Genetic Effects in Reciprocal Recurrent Selection 
Recurrent selection for SCA was first proposed by Hull in 1945 that emphasizes the 
importance of over-dominance. East postulated the idea of heterosis or hybrid superiority to 
either parent of hétérozygotes in 1936. Half-sib RS was initiated in 1939 in BSSSCO 
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population with la 13 double cross as a tester and in 1949 Comstock proposed reciprocal 
recurrent selection (RRS) breeding method (Walters et al., 1991, Smith, 1983, Comstock et 
al., 1949). Comstock and coworkers suggested RRS for the case where complete dominance 
is predominant. For partial dominance the suggestion was initially to use RRS and then make 
selection based on GCA with a common testers and for lines with low GCA (over-dominance 
case) the suggestion was to use RS for SCA to maximize selection for non-additive genetic 
effects (Hallauer, 1973) and RS becomes more effective when there is partial dominance at 
some loci and over-dominance at others. Russell and Eberhart (1975) suggested a 
modification to RRS using inbred lines as testers that represent two different heterotic 
populations. RRS was first initiated between BSSS(R) and BSCBl(R) populations. 
RRS method was not widely adopted by breeders until it proved to be more efficient 
at recovering improved inbred lines for hybrid development than other breeding methods 
such as pedigree method (Hallauer, 1973). Currently RRS has become popular for improving 
breeding populations in com (Hallauer et al., 1988, Hallauer and Miranda, 1988, Sprague and 
Eberhart, 1977, Horner et al., 1973, Eberhart et al., 1973a, Barton et al., 1971). The method 
has also been effective in the improvement of other crop species (Hallauer, 1985, 1981). 
Although most use of RRS is limited to maize (allogamous crop) Gilmore (1964) developed 
procedures with some modifications that can be applied to autogamous crop species such as 
sorghum, barley, wheat, and many other self-pollinated crops. The modification works best if 
the crop species possesses male sterility system. Row and Hill (1981) developed inter-
population selection method for autotetraploid alfalfa to exploit the non-additive gene effects. 
Betran and Hallauer (1996) reported that RRS was more effective than the combined 
progress of the HS and inbred (S|, S%) selection methods in BS11 to increase yield. Menkir 
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and Kling (1999) also reported similar effectiveness of RRS in early maize populations for 
yield and other agronomic traits without loss in genetic variance. Based on the improvements 
achieved using RRS in the populations BSCBl(R)Cn and BSSS(R)Cn Helms et al. (1989) 
concluded that response to RRS in improving the population cross mean was similar to the 
populations improved by either half-sib inbred tester (HT) or S method of selection. 
For broad range of traits effectiveness of various recurrent selection methods was 
shown after 50 years of continuous selection in BSSS maize population for 13 plant and ear 
traits (Holthaus and Lamkey, 1995). The mean performance of the population per se ranged 
from 0.4% cycle"1 for HS to 1.1% cycle"1 for Sz-progeny and 1.4% cycle"1 for RRS. Except 
for grain yield additive variance was accounted for the largest portion of the genetic variation 
of all the traits. Comparing different selection methods in BSSS(R) and BSCBl(R) 
populations Holthaus and Lamkey (1995) found that HS progeny and RRS methods produced 
the most effective response for grain yield in the populations per se than the Sz-progeny 
selection. In BSSS(R) and BSCBl(R) maize populations Penny and Eberhart (1971) obtained 
1.7% cycle"1 actual gain over 5 cycles of RRS conducted for 20 years. 
Pen-Ortega and Kannenberg (1999) evaluated four cycles of three recurrent selection 
methods i.e., selfed progeny, HS, RRS, and combination of the two. In many cases using 
selfed in combination with HS or RRS was found to be the most efficient to improve inter-
population cross between CGSS (Stiff Stalk) and CGL (Lancaster). After first cycle of 
reciprocal half-sib recurrent selection Monica and Hallauer (1997) reported 1.4 t ha"1 
improvement of grain yield for population cross between BS29 and BS28. Monica et al. 
(1999) compared RRS and modified RRS in populations cross (BS21 x BS22) and found 
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4.4% cycle"1 direct response of selection for grain yield in RRS using population as a tester 
and 2.8% cycle 1 in modified RRS using an inbred as a tester. 
A combined S% and crossbred family full-sib RRS was suggested as more efficient 
method to improve traits of low heritability when selection experiments are conducted in one 
or two locations with two replications (Moreno-Gonzalez and Hallauer, 1982). Evaluation 
after seven cycles of RRS in BSSS(R) and BSCB1(R) maize populations and six cycles of 
half-sib selection in 'Alph' (BS12) indicated that improved hybrids from RRS significantly 
out yielded their unimproved counter parts and had better response to nitrogen fertilizer and 
greater tolerance to high population densities (Fackorede and Mock, 1982). Similarly Walters 
et al. (1991) obtained significant yield increase for Si lines derived from improved 
populations of BSSS(R) and BS13(S) than from the cycle 0 populations. The Si lines from 
improved populations showed significant estimates of genetic variance components and 
small and similar inbreeding depression effects for grain yield. Based on the evaluation of 
genetic effects of 11 cycles of RRS in BSSS and BSCB1 Keeeratinijakal and Lmakey (1993) 
concluded that RRS was effective for improving the inter-population cross primarily due to 
dominance effects. They also reported that it was not possible to observe response in the 
population per se because this was limited by inbreeding depression from genetic drift. Three 
cycles of RRS in K.Syn. II and Ec573 maize populations in Kenya (East Africa) resulted in 
approximately 4-7% gain per year for grain yield in the population cross (Darrah, 1986, 
Darrah et al., 1978). Contrary to this ear-to-row selection had a little gain in varietal cross; 
however, it proved to be the most efficient to improve the parental populations with gain of 
3% cycle"1 as compared to mass, HS, S, and FS procedures. In Javis and Indian Chief variety 
cross Moll and S tuber (1971) obtained 9.76 g plant"1 cycle"1 gain for grain yield after six 
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cycles of recurrent selection methods. Response to FS selection was 2.1 times greater than to 
RRS in the populations and response to varietal hybrid to RRS was 1.3 times greater than 
response to FS. Improvement between the BSSS(R) and BSCB1(R) cross after five cycles 
was 4.6% cycle"1 (Eberhart et al., 1973). 
Smith (1983) evaluated effects of recurrent selection over eight cycles for grain in 
BSSS(R), BSCB1(R), and BS13 and obtained 4.3% cycle"1 grain yield estimates of response 
for the population crosses as well as improvement in other agronomic characters. Both direct 
and indirect responses to RRS were greater in cycles 4-8 than in cycles 0-4. The gain in latter 
cycles was attributed to the use of machine harvesting and the use of Si plants in making the 
crosses. Frank and Hallauer (1999) reported that RRS in the BS10 and BS11 synthetic maize 
populations showed no significant genetic variation for grain yield after 10 cycles of 
selection program suggesting that further progress can be continued. However, the FS 
selection of RRS changed the inter- and intra-population means for lodging, flowering, grain 
moisture, and dropped ears in the desired direction. After six cycles of RRS Reeder et al. 
(1987) obtained very small genetic variance for grain yield in BS10 and BS11 maize 
populations. Grain yield in FS and S; progenies increased from CO to C6. Additive genetic 
variance decreased for yield, stalk lodging, but increased for ears per plant. Estimates of 
dominance generally increased but decreased for yield and stalk lodging in BS11. 
In general selection is assumed to decrease genetic variability. However, phenotypic 
variance may decrease by stabilizing and directional selection while disruptive selection 
increase the variances (Shnol and Kondrashov, 1993). But Lantin and Hallauer (1984, 1981) 
did not find any evidence for reduction of genetic variance after four and six cycles of inter-
and intra-population FS selection in the BS10 and BS11 populations. The data rather 
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indicated gradual increase of direct and indirect improvement and positive correlated 
responses for important traits. Detailed description of full-sib RRS procedure to expedite the 
program by completing one cycle of selection in a year was outlined for prolific maize plants 
(Hallauer, 1973, 1970, 1967, Hallauer and Eberhart, 1970). The procedure emphasizes on all 
types of gene action in developing single cross hybrids. In the original cycle populations of 
BS10 and BS11 Eyherabide and Hallauer (1991) found that the contribution of hétérozygotes 
were important than homozygotes for yield where as the contributions of homozygotes were 
more important for grain moisture, prolificacy, standability, days to anthesis, and ear height. 
Labate et al. (1998, 1997) reported the magnitude of divergence due to 12 cycles of 
RRS based on the results of RFLP molecular genetic markers in BSSS(R) and BSCB1(R) 
maize populations. The two populations became genetically divergent from each other and as 
a result the heterosis of grain yield in the inter-population cross was increased. The results 
showed gene diversity (expected heterozygosity under random mating) was 0.6 on the 
average across progenitor populations. 
Direct comparison of the relative efficiency and effectiveness of the many alternative 
recurrent selection methods could not be made precisely because the results of studies 
conducted up to now have been confounded with the use of different breeding 
methodologies, different populations, and different traits in various combinations in such a 
way not possible to separate the effect of one from the other (Sprague, 1966). These studies 
included: 1) different selection methods in different populations for the same traits, 2) the 
same breeding methods included in different populations for the same traits (CIMMYT, 
1981), 3) the same breeding methods studied in the same populations for different traits, and 
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4) different, or the same effective population sizes applied for the same population, or 
different populations. 
There are two objectives that an effective recurrent selection method should fulfill. 
First, it must generate new lines and hybrids at different stages of the improvement program, 
and second, it must establish strong foundation for short- and long-term goals of the breeding 
program in populations with sufficient variability for continued selection. These objectives 
can be achieved by systematically integrating RS with classical breeding procedures 
(pedigree and backcross) and ensure systematic genetic improvement of germplasm for line 
and hybrid development. 
Genetic Drift and Its Effects 
Genetic drift also known as disperssive process is a random change in allelic (gene) 
frequency due to sampling a finite population that affects the genetic representativeness of 
the population. It can also be described as a random drift, or as differentiation between 
subpopulations, or as uniformity within subpopulations, or as increased homozygosity. 
Crossa and Vincovsky (1997) described genetic drift in terms of the variance effective 
population Ne(v) for quantification and prediction. The property of stability does not stay 
constant in small population sizes. This erratic change due to sampling occurs at two stages 
i.e., when parents are sampled (selected) for production and when gametes (offsprings) are 
subsequently sampled from the parents. A gene may get lost or fixed as a result of random 
sampling. In the case where every locus has been fixed in a completely homozygous state 
(known also as decay of variability) there will be no genetic variability left in the population 
for selection. This may lead to extinction unless migration or mutation is allowed into the 
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population to permit variability for survival to fit in a constantly changing environment (Li, 
1955). 
Helms et al. (1989) enumerated the assumptions required to study genetic drift, which 
are known as functions of gene frequencies and additive and dominance effects at individual 
loci. It includes those of diallel analysis used for the estimation of genetic effects and listed 
by Gardner and Eberhart (1966), and Eberhart and Gardner (1966) such as fixed set of 
random mating varieties (parents), arbitrary gene frequencies at all loci, diploid inheritance, 
two alleles per locus, and no epistasis. Effect of genetic drift and selection are considered 
independent. The assumption in here is that the change in allelic frequency due to selection is 
small relative to the change due to genetic drift, which could only be true when very small 
population < 25 individuals are involved. 
The strategy of a plant breeder should be to use an appropriate population size that 
will maximize both the short- and long-term responses i.e., not too few that may result in 
sharp decrease in genetic variance and large effects of genetic drift, or it should not be too 
many that may slow down response to selection. Nevertheless, Baker and Cumow (1969) 
presented the benefits of either extreme. These authors suggested that rapid progress from 
selection could be expected from small effective sizes (< 16 progenies) if selection is 
practiced within replicated samples (lines). They also listed further merits of using large 
population sizes that include, reduction of the effect of inbreeding due to fixation of 
undesirable genes, reduction of the loss of genetic variation through inbreeding and fixation, 
and minimizing the inbreeding depression when partial to complete dominant gene is 
important. Rawlings (1970) presented a compromise suggesting an effective population size 
of 30-45 with 10% selection intensity would be an optimum effective size. 
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The theoretical assumption behind using large population sizes is that it maintains 
genetic variability for future selection while small effective population sizes (10,20) result in 
genetic drift and inbreeding depression, which affect the estimates of response to selection 
(Smith 1983, Smith 1979, Rawlings 1970, Robinson 1960). 
Weyhrich et al. (1998) reported on genetic drift that it becomes a stronger force in 
altering allele frequencies than selection when fewer than 10 lines were recombined. The 
total loss of genetic variance for grain yield in BSSS and BSCB1 RRS programs and other 
similar studies was from 23 to 50% after 11 cycles of selection primarily due to genetic drift 
(Holthaus and Lamkey, 1995, Keeratinijakal and Lamkey, 1993b, 1993a, Schnicker and 
Lamkey, 1993). RRS and intra-population selections that included HS, and Sz in improved 
and unimproved BSSS and BSCB1 populations showed significant effects of genetic drift 
(Helms et al., 1987). They further suggested more that 10 selected lines are to be recombined 
if the goal of recurrent selection program is more than six or seven cycles. Schaffer et al. 
(1977) said that the effect of genetic drift could be described as the deviation from linear 
directional trend. Genetic drift becomes very important in a population developed by S i RS 
than a population developed by half sib recurrent selection (Stojsin and Kannenberg, 1994, 
Tanner and Smith, 1987, Smith, 1979b). 
Inbreeding Depression and Its Effects 
Inbreeding depression is a phenomenon where reduction in mean phenotypic value 
takes place upon selfing or full-sib mating. It occurs when individuals in a breeding 
population acquire alleles that are identical by descent i.e., from a common ancestor. In the 
identical by descent genotypes the alleles are autozygous because they are derived from the 
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same DNA sequence. But in allozygous genotypes the homologous alleles are not identical 
by descent. However, allozygous genotypes could be heterozygous or homozygous, but 
autozygous genotypes must be homozygous. The terms identity by descent and identity by 
state used by Malecot as described in Wright (1951) refer to autozygousity and allozygousity, 
respectively in Hartl and Clark (1997). The extent of inbreeding is measured with the 
coefficient of inbreeding (F), which is also described as the probability of autozygousity. In 
sampling alleles (from a diploid organism) the probability that either of the alleles is chosen 
is 1/2N. The probability of that the second chosen allele is of a different type from the first is 
1-1/2N. The probability of identity by descent for the first situation is 1, and for that of the 
second situation the probability will be Ft-i. So for any t generation Ft = 1/2N + [l-l/2N]Ft-i-
Multiplying both sides of the equation by -1 and adding 1 lead to a general formula 1-Ft = (1-
l/2N)l(l-Fo). Sprague and Eberhart (1977) pointed in their review that the first inbreeding 
experiment was reported in 1908 by Shull and data on the effect of inbreeding and cross 
breeding of maize were presented by East in 1908 and 1909 nevertheless, they said 
theoretical discussions were given earlier by Darwin in 1877. 
Inbreeding generally causes a serious reduction in the vigor and fertility of normally 
out-breeding species. This is due to the chance fixation by inbreeding of unfavorable 
récessives but it seems more probable that there are many loci at which fixation of almost 
any available allele would reduce fitness (Reeve, 1957, 1955). Furthermore he commented 
that the effects of inbreeding are bound to be complex since any population is likely to carry 
genes whose effects in the homozygotes state on fitness vary from lethality to 100% survival 
so that the rate of elimination of heterozygosity will vary from locus to locus. It is assumed 
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that the selection pressure against homozygosis at individual loci will usually be at first 
possibly zero and will increase as the genetic background becomes more homozygous. 
According to Crow (1954) the effects from restricted size of populations (finite 
population size) are explained in terms of: i) increase in the probability that two alleles are 
descended from the same gene in a common ancestor, which is referred to as inbreeding 
effect, ii) random fixation and loss of alleles, which leads to random extinction, and iii) 
increase in the average variance of the distribution of gene frequencies. 
The probability of any individual being identical homozygotes is also described as the 
correlation between alleles in uniting gametes or the probability that the pair of alleles carried 
by gametes that are identical by descent. This is represented by coefficient of inbreeding (F), 
or Wright's Coefficient of Inbreeding (Falconer and Mackay, 1996, Basbice, 1969, Wright, 
1951). F measures the departure from the amount of homozygosis under random mating 
toward complete homozygosis or the decrease in heterozygosis or unfixed loci relative to the 
foundation population. In the idealized population change in F (AF) is related to the 
population size N expressed as AF = 1/2N. The effective population size (Ne) is related to AF 
in the same way and would therefore be obtained from the calculated AF as Ne = 1/2AF. 
Knowing the effective population size (Ne) for any breeding structure one can then obtain the 
rate of inbreeding as AF = l/2Ne, and from AF any of the consequences of inbreeding can be 
calculated. 
Crow (1954) stated that it was Malecot who first distinguished between the two states 
of uniting gametes at the end of 1940 s who showed the identity could be: i) alike in state -
both A, both a, or both ax, and ii) identical by descent - both derived from a single gene in 
some common ancestor. For a population that is subdivided or less isolated strains Wright 
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(1952, 1951) described relationships for the total genetic variance mating c^T of a character 
that depends on multiple alleles at multiple loci with additive effects within and among the 
loci separated into the variance of strain means (c^m) and the average variance within strains 
(o^w) in terms of the inbreeding coefficient (F). The coefficient F measures the degree of 
approach to fixation while 1-F describes the measure of the relative amount of heterozygosis. 
Marquez-Sanchez (1992) found inverse relationship between F and number of inbred lines 
(N) and the number of plants per line (m) in the 1st and 2nd generations of synthetic maize 
varieties. Hallauer and Miranda (1988) summarized results of seven inbreeding experiments 
in maize and reported a reduction in the mean and negative linear relationship to the 
coefficient of inbreeding for most plant and ear traits. 
Mating systems that lead to inbreeding include selfing, full-sibing, half-sibing, 
parent-offspring mating, and double first cousin mating. Hayman and Mather (1953) 
described the effects of inbreeding by developing mathematical formula when there is 
mutation, selection, and migration. Robertson (1961) also recognized that restricted 
population size leads to increased homozygosity and to random changes in gene frequency 
from generation to generation. The inbreeding due to outstanding individuals may increase 
for several generations after their use. 
Selection of intermediates is similar to higher natural fitness of metric intermediates 
often found in nature as opposed to the extremes, which result in low fitness because they are 
homozygotes (Robertson, 1956). Latter and Anderson (1962) said the effects of different loci 
on fitness during inbreeding are independent and therefore multiplicative. The results from 
poultry experiment on inbreeding indicated that inbreeding depression becomes a limiting 
factor to progress when Ne < 20. Inbreeding was less (0.67%) in the selected population than 
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in the unselected population (Norskog and Hardiman, 1980). The rate of decline in fitness 
under rapid inbreeding is primarily due to the loss of the average dominance properties of the 
alternative genotype at individual loci (Latter and Robertson, 1962). Jones et el. (1968) 
argued that a long-term selection leads to a plateau, which is caused by loss of additive 
genetic variance as a result of inbreeding bottleneck (small population size). Selection limits 
could also be caused by decline in fitness and loss of effect of linkage. 
Although inbreeding is assumed to lead to homozygosis Robertson (1952) described 
four possible causes that favor phenotypic variation over many generations of inbreeding: i) 
natural selection for hétérozygotes may be opposing the trends towards homozygosis 
produced by inbreeding, ii) in many characters the greater part of variation is environmental 
in origin that is not affected by inbreeding, iii) the inbred lines may differ from random-bred 
stock in their response to environmental changes, and iv) the variation due to recessive genes 
at low frequency will increase with inbreeding until F is 0.5 and may not return to its original 
value until F reaches close to 1. Haldane (1956) stated that selection in favor of 
hétérozygotes within lines slows down the onset of homozygosis but cannot prevent it if any 
homozygotes are allowed to breed. Similar selection between lines leads to different 
equilibrium in different circumstances. However, he agrees with Hayman and Mather on the 
point that the critical fitness of homozygotes is half that of hétérozygotes if there is selection 
between lines. In practice visual selection during inbreeding can be exercised to improve 
certain characters such as stalk lodging but may not be effective to improve yield (Sprague 
and Miller, 1952). Hollingsworth and Smith (1955) noted in their review the findings of 
Falconer of 1953 that characters, which show asymmetrical selection responses are those, 
which are subject to inbreeding depression. The same review cited the 1954 report by 
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Maynard Smith and Maynard Smith on Drosophila obscura flies, which were heterozygous 
for chromosome 5 and others developed more rapidly than did homozygotes. 
Rate of inbreeding depression was studied by many researchers using different 
mating systems and for different levels of populations (Good and Hallauer, 1976, Cornelius 
and Dudley, 1974, Hallauer and Sears, 1973). The conclusions were the rate of inbreeding is 
greater for selfing than for full-sib mating and it is reduced as the population gets improved 
suggesting that advanced populations are segregating at fewer loci or selection has increased 
the allele frequencies beyond 0.5. To study the response of populations to inbreeding and 
finite population size Lynch (1988) suggested that one has to use a very large number (> 100) 
of self-fertilizing or full-sib lines in parallel with one or more stable control populations. Sing 
et al. (1967) pointed in their review that for independent loci Wright was the first who 
established the decline in mean performance to be proportional or linear to the decrease in 
heterozygosis regardless of the number of alleles or degree of dominance at each locus. 
Cornelius and Dudley (1976) suggested that with selfing the major obstacle to obtaining 
high-yielding inbred lines might be that random drift and rapid fixation of genes overpower 
selection. 
In selected populations of BSSS Benson and Hallauer (1994) obtained a reduced rate 
of inbreeding depression for most agronomic traits (13 out of 16 traits). Lamkey and Smith 
(1987) reported that the magnitude of rate of inbreeding for a trait in a maize population are 
determined by the segregating loci, level of directional dominance, and allelic frequency of 
0.5. In maize populations of different eras they noticed that the rate of inbreeding depression 
of recent era of 1980's was double that of the open pollinated populations of pre-1930's that 
suggests more recent era populations are segregating at more loci. In lines generated from 
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BSSS by single seed descent through S? inbreeding to homozygosity on the average reduced 
yield by 45 q ha"1, decreased plant height by 48 cm, and increased days to silking by 4.6 days 
(Hallauer and Sears, 1973). 
Sing et al. (1967) studied inbreeding in two populations of maize and found no 
significant effects on the environmental error and genotype x environment interaction 
components of variance by the level of inbreeding ranged from F = 0 to 9/16. Sockness and 
Dudley (1989) demonstrated the effect of inbreeding in autotetraploid maize hybrids 
performance. Single cross yields decreased as the parents became more inbred but double 
cross yields from Si, S3, and homozygous parents did not show difference. Comparing 
diploid and tetraploid maize Lamkey and Dudley (1984) showed rate of inbreeding was 
higher for grain yield in autotetraploid than in diploids. Levings et al. (1967) ranked the 
performance means for plant height, ear length, and ear weight in autotetraploid maize on the 
effect of inbreeding and crosses to be double cross > single cross > F2 > F3 > lines. 
In forage species such as alfalfa, crested wheatgrass, and orchards generally there is a 
better performance for hybrids formed between original autotetraploid parents than between 
their selfed progenies unless effective selection occurs during selfing. Experimental results in 
polyploids by many researches showed that double crosses consistently showed maximum 
performance than single crosses due to interaction of multiple allelic series at loci. On the 
other hand with inbreeding of aoutotetraploid there was rapid reduction of yield (Dunbier and 
Binghum, 1975, Hill, 1975, Busbice, 1968, Dewey, 1966, Dudley, 1964, Wilsie, 1958). For 
various synthetic forage crops (Brummer, 1999) summarized the severe loss exhibited in 
hybrid vigor due to inbreeding effects. 
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Description of Germplasm Used In This Study 
BS11 and Its Origin 
The BS11 was known originally as Pioneer Two-Ear Composite or Pioneer Prolific 
Composite (PRC) developed by Dr. W.L. Brown and Mr. K.H. Jarvis at Pioneer Hi-Bred 
International Incorporated. Intermating prolific nine open pollinated maize varieties and two 
semi-prolific hybrids from the southern United States and the U.S. Com Belt lines formed the 
BS11 (Troyer, 2001, Hallauer, 1967). After 10 cycles of mass selection for prolificacy and 
adaptation BS11 was adapted to the central U.S. Com Belt and selection continued for about 
20 years. The population had adequate genetic variability and was found to be a potential 
germplasm source for selection to derive desirable inbred lines. 
Com was first domesticated in the south-central Mexico in about 8000 to 5000 BC. 
Flint com was introduced into the U.S. in about 1000 BC and Dent com came after the 
arrival of Columbus in 1849. From accidental crossing between Flint and Dent types natural 
and artificial selection through mass selection resulted in about 1000 open-pollinated 
cultivars in the U.S. (Forrest, 1999). The Dent com had white seed color while the Flint com 
was a mixture. The importance of white com in the U.S. was rated at 50% in 1920 and 
diminished to 1% of total in 1970 as opposed to yellow com, which is rich in Vitamin A 
desired for animal feeding. 
There are about 140 racial complexes of maize in the world. But the U.S. com 
germplasm is restricted to one maize race complex referred to as Com Belt Dent. The well-
known two heterotic groups used by maize breeders from this race are primarily Reid Yellow 
Dent and Lancaster Sure Crop (Goodman and Brown, 1988). The cylindrical Dent Com 
racial complex of the U.S. Com Belt arose from repeated intermingling of soft textured 
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Southern Dents with the Northern Flints in the early 19th century and became sources for the 
distinct cultivars such as Reid Yellow Dent, Lancaster Sure Crop, Midland, Learning, etc. 
(Hallauer, 1990, Smith 1986, Brown and Anderson, 1948, 1947). Plants of the Southern Dent 
Corn are characterized by taller plant morphology with many shorter internodes, large 
tassels, late maturity, deep kernel and over 20 kernel rows on the cob. This is in contrast to 
the Northern Flint Corns that possess longer internodes above the ears and abundant leaves 
on the ears, short stature, early maturity, many tillers, hard-textured kernels, and 8-10 kernel 
rows on the cob. The Com Belt Dent currently is also known to be the source for all hybrids 
in the U.S. and for most hybrids grown around the world. Doebley et al. (1988) showed the 
divergence between Northern Flint and Southern Dent maize using isozyme diversity and 
reported the Nei's value of 0.8. The Southern Dent was derived from the Dent Corns of 
Southern Mexico presumably from Tuxpeno germplasm while the origin for the Northern 
Flint type is not yet agreed upon. 
BS11, which traces back to the US Corn Belt complex is prolific and was used to 
initiate reciprocal full-sib selection with Iowa Two-Eared Synthetic (BS10) (Hallauer, 1967). 
Recombining 10 lines that expressed second ear development in the corn-breeding nursery at 
Ames, Iowa developed BS10. The first cross between BS11 and BS10 was started in 1963 to 
exploit any genetic difference between the two populations. 
BS11 has been a source population for many versions of improved germplasm such 
as BS11(5-S1)C5, BS11(10-S1)C5, BS11(20-S1)C5, BS11(30-S1)C5, BS11(S2)C5, 
BS11(MER)C5, BS11(HI)C5, and BS11(FS)C5. Inbred line B98 was also developed from 
BS11 (Lamkey and Hallauer, 1997). 
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B73 and Its Origin 
B73 was derived from cycle five of Iowa stiff stalk synthetic BSSS(C5) developed by 
Russell at Iowa state University by general combining ability recurrent selection method with 
double cross hybrid Iowal3 (Ial3) as a tester and released in 1972 (Forrest, 2001, 1999, 
Russell, 1972). It has vigorous plants with dark-green erect leaves above the ears. Some of 
the plants produce prolific ears, smooth, yellow, and dent seeds on red cobs. It is susceptible 
to corn borer. It was mainly adapted to the central and south-central Iowa and used in hybrid 
production that is resistant to root and stalk lodging. B73 was a widely used inbred line. 
Lamkey et al. (1995) attributed this to the evidence of significant positive effects of epistasis 
fixed in B73 line, which is also found in B84 line. The review presented by Baker (1984) 
indicates that B73 constituted about 16.13% as a source germplasm in all hybrid seed planted 
in the U.S. in 1980. 
Both B73 and B84 lines trace back to the same BSSS source population. The BSSS 
germplasm was synthesized in the 1934 by G.F. Sprague from 16 inbred lines, which had 
above average stalk quality most of which originated from Reid Yellow Dent and some non-
Reid germplasm (Russell and Eberhart, 1975). Reid Yellow Dent was an accidental cross 
between late rough dent and early flint formed in 1847. BSSS is susceptible to Gray leaf spot 
Cercospora zea-maydis Tehon & E.Y. Daniels a pathogen that is associated with continuous 
or no-tillage maize production system (Graham et al., 1993). It also shows susceptibility to 
Helminthosporium carbonum race 1 (Bipolaris zeicola). The resistance to H. carbonum is 
controlled by hm allele and modifier genes (Tubajika et al., 1989). Since its formation 
improved versions of BSSS have been a source for variety of inbred lines widely used 
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including B14, B37, B73, and B84 in the USA, Canada, and Europe (Holthaus and Lamkey, 
1995). 
Based on biochemical data Smith (1988) and Smith et al. (1985) studied the diversity 
in the public inbred lines and concluded that US maize cultivation and breeding appear to 
remain dependent mainly upon usage of B73, A632, Oh43, and Mo 17, or closely related 
derivatives. By using RFLP technique Melchinger et al. (1991) and Lee et al. (1988) were 
able to categorize US inbred lines that included B73 into their heterotic groups. Likewise the 
RFLP method had been utilized to separate European flint maize lines from US dent maize 
lines and also helped to locate factors that control quantitative traits in the populations 
(Dubreuil et al., 1996). For example the additive effects of gene resistance against com borer 
in B52 x Mo 17 was identified using the RLFP analysis method (Sue et al., 1991). 
The popular complementary heterotic line to B73 is Mo 17, which is the second most 
widely used inbred source in the US It has a yellow endosperm and red cob. It was developed 
from Connecticut line CI03 x 187-2 source that traces back to Lancaster Sure Crop. This one 
was more adapted to Missouri environment (Zuber, 1973). In 1980 Mo 17 represented 
12.22% as a source germplasm in all seeds planted in the US (Baker, 1984). Crossing late, 
rough, large-eared maize with an early flint com formed Lancaster Sure Crop and mixtures 
were added at least six times until 1910. 
The exceptional hybrid expression between B73 and Mo 17 in the central US in the 
late 1970 s and early 1980 s was attributed to the presence of significant positive epistatic 
effects (Wolf and Hallauer, 1997, Lamkey et al., 1995). Since B73 is from BSSS heterotic 
group it is widely used in the temperate climates for hybrid production with lines from the 
Lancaster Sure Crop heterotic group. It has relatively shorter but heavier ears, more and 
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larger kernel weights. It has late male and female flowering time, short anthesis-silking 
interval (ASI), and tall plant height. It is tolerant to drought and has many alleles with 
favorable trait values (Frova et al., 1999, Sari-Gorla et al., 1999). However, B73 is 
susceptible to maize streak virus (MSV) and has been used as a susceptible parent in QTL 
mapping studies (Fernet et al., 1999). But Mol7 is a commercial inbred that shows partial 
resistance to northern corn leaf blight Exserohilum turcicum Pass., Syn. Helminthosporium 
turcicum Pass, as opposed to one of the susceptible lines B52. Several qualitative genes 
confer resistance to lesion type turcicum that include Htl, Ht2, Ht3, Ht4, Htm, bxt and many 
other QTL genes. These resistance genes are located in maize genome on at least 12 
chromosome arms on chromosomes 1, 2, 3, 5,6, 7, 8, and 10 (Freymark et al., 1994, 1993). 
B97 and Its Origin 
B97 was released in 1992 (Hallauer and Lamkey, 1994). It was released after nine 
cycles of reciprocal recurrent selection from Iowa Corn Borer Synthetic Number 1 (BSCB1). 
The BSCB1 is opposite heterotic group to BSSS synthesized from 12 inbred lines, which 
were resistant to the first generation of leaf feeding European com borer (Russell and 
Eberhart, 1975). B97 has yellow dent seeds. The line is tall and vigorous with above average 
resistance to diseases, and first- and second-generation European com borer Ostrinia 
nubilalis Hubner infestation. It has excellent root and stalk strength and above average stay 
green after physiological maturity of the grain. B97 forms excellent single cross hybrids with 
A632, B76, B87, and B93. 
44 
CHAPTER 3. RESPONSE TO S, RECURRENT SELECTION AND 
INBREEDING EFFECT IN EFFECTIVE POPULATION SIZES OF MAIZE 
A paper prepared for submission to Crop Science Journal 
Kebede M. Ponta1'2 and Kendall R. Lamkey3'4 
Abstract 
Recurrent selection progress is influenced by population size, selection intensity, 
favorable alleles, and their frequencies. It is necessary to establish optimum number of 
progenies in maize for population synthesis in recurrent selection programs. Often this has 
been constrained by limited resources. We studied effective population sizes in maize to 
estimate response to selection and effect of inbreeding depression, and examine changes in 
the correlated traits. Four effective population sizes designated 5-Si, 10-Si, 20-Si, and 30-Si 
programs were developed from the BS11 maize using S rprogeny selection with a common 
20% selection intensity. After five cycles of selection the populations per se, populations per 
se selfed, populations top-crossed to B97 and B73, diallel crosses among CO, C3, and C5 of 
the populations, Cl x CO crosses and five checks were tested. There was significant and 
positive response for grain yield in 30-Si, 20-Si. and 10-Si. The highest direct response was 
0.21 Mg ha"1 in 30-Si, which was double that in 20-Si and 10-S|. Significant unfavorable 
yield response was obtained from 5-Si due to genetic drift and inbreeding. All agronomic 
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traits were improved in the desired direction. The effects of inbreeding depression were more 
severe in the original populations than in the selection cycles. Both direct and indirect 
responses were more favorable in the larger effective population sizes (30-Si and 20-Si) than 
in the smaller population sizes (20-Si and 5-S,). Our data suggest that intermating 30 
progenies would be the best choice in selection programs designed for at least ten or more 
years. 
Introduction 
Recurrent selection is a cyclical breeding procedure that involves three stages: i) 
development of progenies from a population, ii) evaluation of progenies in replicated trials, 
and iii) synthesis of a new population from the selected progenies. The goal of recurrent 
selection is to advance the mean performance of a population by accumulating favorable 
alleles while maintaining adequate genetic variability for further selection. Inbred progeny 
recurrent selection has theoretical and empirical advantages over other methods for 
improving yield and agronomic traits in maize (Hallauer and Miranda, 1988). Selfing 
increases the variability among progenies and exposes deleterious recessive alleles for 
elimination. 
The number of progenies (parents) intermated in a recurrent selection program is 
known to affect both selection response and genetic variability. The number of parents 
intermated determines effective population size. There are two main challenges when 
designing a recurrent selection program with fixed resources. Increasing the number of 
parents that are intermated will maintain genetic variability, but it may reduce genetic gain 
by reducing selection intensity. On the other hand, decreasing the number of parents that are 
46 
intermated will increase short-term selection response by increasing selection intensity, but 
may lead to a reduction in genetic variation and an increase in inbreeding in the long-term 
due to random genetic drift (Crossa, 1994, Baker and Cumow, 1969, Robertson, 1961). 
Therefore, a breeder's goal is to find the balance between the two extremes and select an 
optimum number of individuals for synthesizing a population in a continuous recurrent 
selection program. 
The recommended number of individuals intermated in a recurrent selection program 
has been as high as 45 or 50 (Darrah, 1986, Rawlings, 1970). Most breeders; however, select 
10 to 35 individuals for recombination (Hallauer, 1992). Studies conducted in other crop 
species such as Brassica rapa or animal species such as Drosophila have shown that 
selection response generally increases as the effective population size and selection intensity 
increase (Lascoux et al., 1994, Jones et al., 1968). 
In general, gain from selection is influenced by the genetic architecture of the 
germplasm usually described as heritability and the intensity of selection. Jones et al. (1968) 
found that effective population size and selection intensity are the two most import variables 
that determine the total response to selection. They showed the parameters of the base 
population can be expressed as NeK, where Ne is the effective population size and K is the 
standardized selection differential. Enfield (1980) studied the effects of selection on insect 
pupal weight of Tribolium castaneum Herbst for over 130 generations. He attributed the 
continued response to selection to the number of segregating genes, allelic frequencies in the 
foundation population, magnitude of gene effects, kinds of gene action, effective population 
size, selection intensity, pleiotropic effects with fitness, linkage, and interaction of all the 
enumerated factors. Latter and Anderson (1962) pointed out that two phenomena influence 
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gene frequencies in selection programs: 1) directional changes due to the selection pressure 
imposed, and 2) random changes due to the small effective size of the breeding population in 
each generation. In bottleneck populations changes that occur in gene and genotype 
frequencies are associated with random genetic drift rather than with short-term reciprocal 
recurrent selection (Brown and Allard, 1971). The effects of drift are also considered in terms 
of interaction between drift and selection, which is influenced by selection model, selection 
intensity, population size, and initial allele frequencies of the population (Meffert, 1995, 
Bryant and Meffert, 1990, Cohan, 1984, Craig, 1982) 
Small effective population size leads to increased inbreeding (homozygosity) and to 
random changes in allelic frequency from generation to generation (Robertson 1961). 
Inbreeding causes a depression in the vigor and fertility of normally outbreeding species 
(Lynch, 1991, Levin, 1984). This is due to the chance fixation by inbreeding of unfavorable 
récessives at many loci (Reeve, 1957, 1955). The effects of inbreeding on fitness vary from 
lethality to 100% survival so that the rate of elimination of heterozygosity will vary from 
locus to locus and may not always lead to the loss in the population fitness (Allard and Jain, 
1962, Lush, 1954, Robertson, 1952). Latter and Anderson (1962) indicated that the effects of 
different loci on fitness during inbreeding are independent and multiplicative. They also 
attributed the observed depression in fitness primarily to the loss of the average dominance 
properties of the alternative alleles at individual loci. 
Inbreeding depression becomes a limiting factor in a long-term selection program 
when there is a population bottleneck or Ne < 20 (Wade, 1982, McCauley and Wade, 1980, 
Norskog and Hardiman, 1980, Jones et al., 1968). Characters such as fertility, viability, litter 
size, and lactation, which show asymmetrical selection response and have a close relationship 
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to fitness are more subject to inbreeding depression as has been observed in Drosophila 
obscura and mammals (Falconer and Mackey, 1996, Hollingsworth and Smith, 1955). Other 
effects of inbreeding are described for different population sizes when there is selection, 
migration, and mutation (Wright and Cockerham, 1985, Cockerham, 1984, 1967, Crow, 
1954, Hayman and Mather, 1953, Robertson, 1952, Wright, 1951). 
In finite populations inbreeding is influenced by significant epistatic effects (Wade et 
al., 1996, Pray and Goodnight, 1995, Willis and Orr, 1993, Templeton, 1979, Crow and 
Kimura, 1970). But data published from various experiments and theory indicate that in a 
long-term selection program mutation is the ultimate source of genetic variation (Carson and 
Wisotzkey, 1989, Lande, 1983, Yoo, 1980 II, 1980 I, Frankham, 1980, Frankham et al., 
1978, Lande, 1975, Holdingdale, 1971, Latter, 1970, Kimura, 1969, 1968, 1965, Frankham et 
al., 1968, Muller, 1964, Russell et al., 1963, Sprague et al., 1960). High mutation rates for 
polygenic traits in a finite population restores genetic variability lost from a bottleneck 
episode (Bryant and Meffert, 1988, Lynch, 1988, Gillepie, 1984, Lande, 1981). For instance 
in Drosophila some mutation rates are seen to occur as high as 10 times greater than that of 
neutral mutations (Drake et al., 1998, Charlesworth et al., 1993, Mukai et al., 1972). 
Substantial effects of mutation initiated a hypothesis that states under natural selection cross-
fertilized species emerged from self-fertilized cross species (Stebbins, 1957). But the changes 
that occur due to the actions of mutation are generally ignored not to conflict with the 
assumptions imposed during modeling quantitative genetic studies (Lande, 1975, Crow, 
1954). 
Data on effects of population size on selection response in maize Zea mays L. are 
meager. A long term Si-progeny selection program was initiated in 1979 to address the 
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questions related to selection response and effective population size in the BS11 maize 
population. The first phase of the study focused on determining the effect of population sizes 
on selection response. Weyhrich et al. (1998), and Guzman and Lamkey (1999) suggested 
that it was sufficient to intermate 10 lines for recombination in a short-term selection 
program since they observed no difference in the rate of selection response when 10, 20, and 
30 lines were intermated. The Si recurrent selection program in BS11 utilizing different 
effective populations sizes is still in progress. The main question to be answered for closed 
recurrent selection programs is which effective population size maximizes selection response 
and efficiently utilizes resources. The specific objectives of our study were: 1) to estimate 
response to selection and compare the relative performance of the different effective 
population sizes with respect to grain yield, grain moisture, root lodging, and stalk lodging; 
2) to estimate the effects of inbreeding depression of the populations in the successive cycles 
of selection; and 3) to examine changes in the correlated traits over the cycles of selection. 
Materials and Methods 
The four selection programs were conducted in the genetically broad-based maize 
composite BS11. This population was formed by crossing prolific germplasm from the 
southern United States with the US Corn Belt maize inbred lines. It was developed by W.L. 
Brown at Pioneer Hi-Bred International and was originally known as Pioneer Two-Ear 
Composite (Hallauer 1967). The original BS11 population had undergone 10 cycles of mass 
selection for prolificacy and for adaptation to the central US Corn Belt. 
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Breeding Plan for Germplasm Development 
BS11 was used to initiate four Si-progeny selection programs where 5, 10, 20, and 30 
progenies were recombined using a 20% selection intensity. The selection programs in which 
5, 10,20, and 30 progenies were recombined will be referred to as 5-Si, 10-Si, 20-Si, and 30-
S|, respectively. Weyhrich et al. (1998) provided details of the selection programs. Briefly, 
the 20-Si program was initiated in the 1977/78 winter nursery by selfing 150 to 200 plants in 
BS11 and evaluating 100 Si lines in the summer of 1978. The 5-Si, 10-Si, and 30-Si 
breeding programs were initiated in the 1979/80 winter season by selfing 300 to 400 plants in 
BS11 and evaluating the Si lines in the summer of 1980. The selection programs were 
conducted by using a 2-year cycle time consisting of generating S |.progenies in the winter 
followed by agronomic evaluation the following summer. Five of 25 progenies were selected 
for 5-S|, 10 of 50 for 10-Si, 20 of 100 for 20-S,, and 30 of 150 for 30-S,. Progenies were 
selected using a heritability index based on grain yield, root lodging, stalk lodging, and grain 
moisture at harvest. The index was constructed as I = h2CV* G Y - II2MST* MST - 1I2RT*RT -
h2sL*SL, where I stands for an index, h2 is heritability of a particular trait, G Y is mean of 
grain yield, MST is mean of grain moisture, RT is mean of root lodging, and ST is mean of 
stalk lodging. Hallauer et al. (1988) and Baker (1986) made comprehensive review of index 
selection theory. 
Remnant seed of the selected entries of each population was taken from cold storage 
and planted for intermating by using the bulk-entry method (Hallauer, 1985). Synthetic-1 
(Syn-1) populations were formed by bulking an equal number of kernels of each ear 
harvested from the bulk entry rows (Hammond and Gardner, 1974). The Syn-1 population 
was planted in 500 plant blocks and random mated by chain sibing to form the Syn-2 
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population, which was used to initiate the next cycle (C) of selection. Three seasons in two 
years were required to complete one cycle that involved selfing, testing, and intermating of 
the selected progenies. Therefore, two years were necessary to complete one cycle of S|-
progeny selection in these programs. Five cycles of selection for each effective population 
size were completed in 1990/91 (Appendix Table Al). 
Generating Materials for Evaluation 
After five cycles of Si recurrent selection were completed in each effective population 
size, remnant seeds were taken from cold storage for seed increase, selfing and crossing. 
Seed of BS1 ICO and the CI, C2, C3, C4, and C5 populations of each selection program was 
sib mated and selfed to produce seed of the populations per se and populations per se selfed, 
respectively. Seed of the crosses from a diallel among the CO of BS11, and the C3 and C5 of 
each selection program (9 total populations) was produced by hand pollination. In addition, 
the CI population of each selection program was crossed to the CO population. The BS1 ICO 
and the CI, C2, C3, C4, and C5 populations for each selection method were also top crossed 
with the inbreds B97 and B73. Seed of the populations per se and populations per se selfed 
were produced by chain-sibing or selfing 160 plants, respectively. The diallel crosses were 
produced by reciprocally crossing 80 plants from each population. The top crosses were 
produced by using 160 plants of the populations as females and the inbred testers as males. 
Experimental Design and Data Collection 
The non-inbred populations and the inbred (selfed) populations were evaluated in 
separate experiments to avoid competition between the inbred and the non-inbred 
populations. Both experiments were evaluated at Ames, Crawfordsville, and Carroll in Iowa, 
USA in 1997 and 1998. 
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Entries in the non-inbred experiment included the 24 populations per se (the CO was 
included once for each selection program), the 36 diallel crosses among BS1 ICO and the C3 
and C5 of each selection program, the 24 top crosses to B97 (the CO x B97 cross was 
included once for each selection program), the 24 top crosses to B73 (the CO x B73 cross was 
included once for each selection program), the four Cl x CO population crosses, four 
additional entries of BS11C0, and five checks (B73 x B97, plus four commercial hybrids. 
The 121 entries in the non-inbred experiment were evaluated in a 11 x 11 triple lattice 
design. The 24 populations per se selfs (CO self was included once for each selection 
program) were evaluated in a randomized complete block design with three replications. 
Plots consisted of two rows of 5.49 m long and 0.76 m wide between rows and 
approximately 0.20 m within a row. Each plot was over-seeded (32 seeds/packet in a row) 
and thinned back at about the five-leaf stage to 54 plants per plot to establish about 64,748 
plants ha"1. All plots were planted and harvested by machine. Standard cultural and 
management practices were followed at all locations. For both experiments, data were 
collected over six environments for grain yield (Mg ha"1) adjusted to 155 g kg"1 grain 
moisture, grain moisture at harvest (g kg*1), and stand (1000 plants ha"1), and from five 
environments for stalk lodging (%), root lodging (%), plant height (cm), and ear height (cm). 
Days to mid-silk and mid-pollen shed were recorded in two environments. 
Plant height was measured as the distance from the soil surface to the flag leaf and the 
ear height was measured as the distance from the soil surface to the highest ear-bearing node. 
Plant height and ear height were recorded as the average of measurements on 10 competitive 
plants per plot. Stand count was the total number of plants counted in a plot at harvest. Root 
lodging was the percentage of plants leaning greater than 30 degrees from vertical. Stalk 
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lodging was the percentage of plants broken at or below the primary ear node. No gleaning 
for dropped ears was done at harvest. Anthesis-silking interval (ASI) was calculated as the 
difference between days from planting to mid-silk and mid-pollen shed. 
Statistical Analysis 
Analyses of variance for the individual locations of the non-inbred experiment were 
calculated as described for triple lattice design by Cochran and Cox (1957). Means adjusted 
for lattice block effects were used to calculate the combined analysis of variance over 
environments (year-location combinations). The mixed model of SAS procedures was used 
for the analysis with environments, replications within environments, and entries fit as fixed 
effects, and rows within replications and environments, and columns within replications and 
environments, and entry x environment interaction fit as random effect. The analysis of 
variance for the inbred experiment were calculated as a randomized complete block design 
and combined over environments. For each location, the residuals were plotted to identify 
outliers. The estimates of response to selection were analyzed from the combined mean data. 
All main effects, except genotype x environments interaction were considered fixed effects. 
The genotype x environment interaction mean square was used in all tests of significance 
among entries. 
The entries were separated into four groups for regression analysis based on common 
CO genotype: i) populations per se and populations crossed to CO, which have BS11C0 as 
their common CO genotype, ii) populations crossed to B97, which have BS11C0 x B97 as 
their common CO genotype, iii) populations crossed to B73, which have BS11C0 x B73 as 
their common CO genotype, and iv) populations per se selfed, which have BS1 ICO selfed as 
their common CO genotype. 
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The linear response to selection was estimated by fitting a linear regression line 
through the common CO intercept with weighted least squares regression. The weight was the 
reciprocal of the variance of cycle means from the combined analysis of variance. The linear 
response per cycle was divided by 2 to obtain average response per year where 2 is the 
number of years required to complete one cycle. The value of the linear regression 
coefficient divided by the estimated CO intercept and multiplied by 100 provided an estimate 
of the percent response per cycle. 
Inbreeding depression was expressed in actual units and calculated by subtracting 
means of the inbred (S|) from the means of the non-inbred (So) populations as described by 
Lamkey and Smith (1987). The value of the inbreeding depression divided by the non-inbred 
generation multiplied by 100 gives percent inbreeding depression. The standard error for the 
inbreeding depression was calculated as the square root of the sum of the variances of the 
inbred and non-inbred means. 
Results and Discussion 
Direct and Indirect Responses 
The overall mean grain yield was 5.73 Mg ha"1 for the experimental material in the 
non-inbred trial and ranged from 3.86 [BS1 l(5-Si)C4] to 7.25 [BS1 l(20-St)C5 x B73] Mg 
ha"1 (Appendix Table CI). Mean grain yield for the checks in the non-inbred experiment was 
8.46 Mg ha"1 and ranged from 8.09 (B73 x B97) to 8.64 (DK591) Mg ha"1 (Table 3.9). Mean 
grain yield for the inbred experiment (selfed populations) was 3.44 Mg ha"1 and ranged from 
2.64 (BS11C0) to 4.06 [BS11(30-S|)C4] (Appendix Table C2). The observed means and 
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estimates of response to selection were significant for grain yield, grain moisture, root 
lodging, and stalk lodging (Tables 3.1- 3.6, Figures 3.1- 3.4). 
There was a significant increase in grain yield over the cycles of selection for 10-Si 
(0.12 Mg ha"1 cycle"1), 20-S| (0.12 Mg ha"1 cycle"1), and 30-Si (0.21 Mg ha"1 cycle"1), and a 
significant decrease in grain yield for 5-S, (Tables 3.1 and 3.5, Figure 3.1). The difference in 
response between 10-Si and 20-Si was not statistically significant, but the response for 30-Si 
was significantly greater than 10-Si and 20-Si. The increase in yield of the populations 
suggests that selection has increased the frequency of favorable alleles for grain yield despite 
the inbreeding that has accumulated due to small effective population size. 
Our results do not agree with those of Weyhrich et al. (1998) who reported no 
difference in response among the 10-Si, 20-Si, and 30-Si populations. For 5-Si the response 
we observed was 2.4 times smaller than that observed by Weyhrich et al. (1998). Weyhrich 
et al. (1998) evaluated selection response in the populations after four cycles of selection (5 
cycles were evaluated for 20-S|) and suggested there was no advantage to intermating more 
than 10 progenies in a short-term selection program. It is difficult to explain the large 
differences in response observed between our study and that of Weyhrich et al. (1998) on the 
basis of one additional cycle of selection. Our experiments were conducted in six 
environments compared to 12 environments included in the case of Weyhrich et al. (1998). 
The most likely explanation for the difference is that because response was evaluated in 
different years, genotype x environment interaction may cause differences in rates of 
response. Crossing the cycles of selection to the original BSllCO will restore alleles that 
were lost due to sampling and provide a measure of selection response independent of 
genetic drift (Smith, 1983). The four selection programs had significant and positive rates of 
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genetic gain for grain yield when top crossed with BSllCO (Tables 3.1 and 3.5). The 
difference among 5- Si, 10-Si, and 20-Si was not significant, but the response of 30-Si was 
significantly greater than the responses observed in 5-S|, 10-Si, and 20-Si. 
The selection response in the populations when test-crossed to inbred lines is an 
indirect selection response and provides a measure of the general and specific combining 
ability of the selected populations. The selection response was positive for the four selection 
programs and both inbred testers. 
The response to selection in 5-S[ when crossed to B97 and in 10-S| and 30-Si when 
crossed to B73 was not significant. The highest yielding B97 testcrosses were (20-S,)C5 
(6.98 Mg ha"1) and (30-S|)C3 (6.99 Mg ha"1). The (20-Si)C5 population had the highest yield 
and significant responses to selection in testcrosses with both B97 and B73 indicating that 
this germplasm crosses well with both stiff stalk and non-stiff stalk heterotic groups. In 
contrast to 20-Si, 30-Si had no response to selection when crossed to B73, but a significant 
response when crossed to B97. Because all the four selection programs were initiated in the 
same population, the differential selection responses on the two testers can be explained as a 
function of effective population size and genetic drift. Similar results were achieved in 
BSSS(R) and BSCBl(R) populations when test crossed to the CO population and inbred 
testers (Keeratinijakal and Lamkey, 1993). 
Response to selection was positive and significant for grain yield in all the population 
per se selfs except for 5-S,. The response to selection for grain yield was greater in the 
populations per se selfed than in the populations per se and populations crosses. The highest 
response in the selfed population was observed in 30-Si (0.26 Mg ha"1 year "'). The greatest 
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response to selection is expected in the population per se selfed with S| selection. Weyhrich 
et al. (1998) also observed this pattern of selection response. 
The response to selection for grain moisture, root lodging, and stalk lodging was 
consistently in the desired direction for both the non-inbred and inbred germplasm (Tables 
3.2 - 3.6). In the non-inbred populations per se and top-cross populations grain moisture 
decreased over the five cycles of selection in all the effective sizes (Tables 3.2 and 3.5). The 
reduction in grain moisture; however, was significant only for 10-Si and 20-S, when crossed 
to B97. The lowest grain moisture was observed in (10-S|)C5 population per se, population 
per se self, and its testcross with B97. 
Stalk lodging was more serious than root lodging (Tables 3.3 - 3.4 and 3.6). The 
differences between 20-Si and 10-Si for root lodging, and 30-Si. 10-Si, and 5-S, for root 
lodging and stalk lodging were not statistically significant in per se populations. But the 20-
S| program showed significant reduction in stalk lodging (-3.16% cycle"1). Generally more 
lodging was observed in the populations per se and populations selfed as compared to the 
top-cross populations. There was not a significant difference in all the four selection 
programs for lodging in the BSllCO and B73 top-crosses. The 5-Si was significantly 
different in lodging than the rest of the programs. 
Changes in the Correlated Traits 
The emphasis of the selection program was to simultaneously improve grain yield, 
grain moisture, root lodging, and stalk lodging. These are the agronomic traits of most 
interest to maize producers in the US. Selection for these traits with an index resulted in 
improvement in the desired direction for plant height, ear height, days to mid-silk, days to 
mid-pollen shed, and days for ASI (Tables 3.7 and 3.8). 
58 
Table 3.1. Observed mean grain yield (in Mg ha"1) combined over six environments for five 
germplasms each with four effective population sizes for five cycles of selection 
and least square estimates of response to selection in the BSl 1 maize population, j: 
Effective Cycle of Selection Regression Coefficient 
Population S.E. of 
Germplasm Size CO CI C2 C3 C4 C5 Meanst bO bl 
Population per se (S0) 5-S, 4.42 4.05 4.26 3.96 3.86 4.27 0.19 4.4 -0.09 ± 0.03 
10-S, 4.34 4.99 4.78 4.94 4.81 0.12 ± 0.03** 
20-S, 4.91 4.56 4.83 4.94 4.87 0.12 ±0.03** 
30-S, 4.52 4.85 5.07 5.15 5.48 0.21 ±0.03** 
Population per se (S,) 5-S, 2.92 3.11 2.96 2.98 3.16 328 0.14 3.1 0.01 ±0.02 
10-S, 3.23 3.71 3.80 3.80 3.90 0.19 ±0.02** 
20-S, 3.72 3.72 3.80 3.71 3.93 0.19 ±0.02** 
30-S, 3.60 3.78 3.81 4.06 - 0.26 ± 0.03 
BSl ICO Test cross 5-S, 4.42 4.36 5.23 4.80 0.19 4.4 0.13 ±0.03** 
10-S, 4.40 4.91 5.46 0.19 ±0.03** 
20-S, 4.67 4.81 4.93 0.12 ±0.03** 
30-S, 4.26 5.59 5.33 0.23 ± 0.03 
B97 Test cross 5-S, 6.20 6.10 6.32 6.59 6.08 6.36 0.19 6.2 0.04 ± 0.03 
10-S, 5.94 6.37 6.11 6.67 6.69 0.08 ± 0.03 
20-S, 6.21 6.21 6.14 6.32 6.98 0.09 ± 0.03 
30-S, 6.45 6.57 6.99 6.34 6.52 0.11 ±0.04** 
B73 Test cross 5-S, 6.54 6.66 6.67 6.94 6.78 6.72 0.19 6.4 0.09 ±0.03** 
10-S, 6.08 6.34 6.30 6.44 6.89 0.02 ± 0.03 
20-S, 6.68 6.94 6.48 6.76 7.25 0.12 ±0.03** 
30-S, 6.18 6.40 6.49 6.65 6.35 0.00 ± 0.03 
*, ** Significant at 5% and 1% probability levels, respectively. 
t Standard errors for cycle 0 are S.E./ 8°5 for BSl ICO and S.E./405 for BSl ICO selfs, 
BSl ICO x B97 and BSl ICO x B73. 
t Check means, in Mg ha"1; B73 x B97 = 8.09; PIONEER 3394 = 8.55; 
PIONEER 3489 = 8.42; DK 580 = 8.60; DK 591 = 8.64. 
- Data not included. 
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Table 3.2. Observed mean grain moisture (in g kg"1) combined over six environments for 
five germplasms each with four effective population sizes for five cycles of 
selection and least square estimates of response to selection in the BSl 1 maize 
population.^ 
Effective Cycle of Selection Regression Coefficient 
Population S. E. of 
Germplasm Size CO CI C2 C3 C4 C5 Meanst bO bl 
Population per se (So) 5-S, 257 248 235 257 258 228 1.25 255.4 -3.05 ±0.19 ** 
10-S, 246 239 241 224 207 -8.22 ±0.19 
20-S, 248 240 237 237 238 -4.61 ±0.19 ** 
30-S, 248 241 238 236 224 -5.83 ±0.19 ** 
Population per se (S,) 5-S, 241 232 224 244 246 212 1.45 243.1 -3.51 ±0.24 ** 
10-S, 238 238 233 222 203 -6.02 ± 0.24 
20-S, 235 238 231 229 222 -3.94 ± 0.24 
30-S, 248 239 235 230 235 -2.69 ± 0.32 ** 
BSl ICO Test cross 5-S, 257 250 249 236 1.25 255.4 -3.56 ± 0.23 * 
10-S, 254 241 236 -4.05 ± 0.23 
20-S, 245 246 236 -3.90 ± 0.23 
30-S, 252 249 241 -2.75 ± 0.23 
B97 Test cross 5-S, 228 225 228 236 247 216 1.25 230.7 -0.05 ±0.21 
10-S, 231 228 229 221 209 -2.90 ±021 
20-S, 224 221 226 221 217 -2.72 ±0.21 
30-S, 236 226 229 223 214 -2.23 ±0.21 •• 
B73 Test cross 5-S, 232 234 225 239 238 231 1.25 234.9 -0.25 ±0.21 
10-S, 238 229 231 235 221 -1.55 ±0.21 
20-S, 233 227 235 233 229 -1.04 ±0.21 ** 
30-S, 237 253 237 234 229 -0.14 ±0.21 
*, ** Significant at 5% and 1% probability levels, respectively. 
t Standard errors for cycle 0 are S.E./ 8°5 for BSllCO and S.E./40 5 for BSllCO selfs, 
BSl ICO x B97 and BSl ICO x B73. 
t Check means, in g kg"1; B73 x B97 = 216; PIONEER 3394 = 190; PIONEER 3489 =196; 
DK 580 = 179; DK 591 = 194. 
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Table 3.3. Observed mean root lodging (in %) combined over six environments for five 
germplasms each with four effective population sizes for five cycles of selection 
and least square estimates of response to selection in the BSl 1 maize 
population.}: 
Effective Cycle of Selection Regression Coefficient 
Population S.E. of 
Germplasm Size CO CI C2 C3 C4 C5 Means t bO bl 
Population per se (S0) 5-S, 3.19 5.99 3.10 2.60 3.17 0.83 0.81 3.44 -0.27 ± 0.12 * 
10-S, 3.07 3.42 2.12 1.73 0.00 -0.52 ±0.12** 
20-S, 1.78 1.86 0.27 0.26 0.32 -0.77 ±0.12** 
30-S, 4.58 4.51 1.46 1.65 1.31 -0.37 ±0.12** 
Population per se (SO 5-S, 1.83 5.59 3.59 1.63 1.09 0.40 0.70 2.73 -0.31 ±0.12** 
10-S, 2.45 2.86 2.12 0.93 0.81 -0.34 ±0.12** 
20-S, 0.52 1.32 0.27 0.00 0.00 -0.67 ±0.12** 
30-S, 3.83 2.28 0.54 0.94 
-
-0.45 ±0.15** 
BSl 1C0 Test cross 5-S, 3.19 1.91 3.47 0.98 0.81 3.44 -0.39 ±0.15** 
10-S, 3.63 1.72 2.25 -0.31 ±0.15* 
20-S, 2.09 2.52 1.54 -0.39 ±0.15** 
30-S, 1.53 1.71 1.41 -0.49 ±0.15** 
B97 Test cross 5-S, 2.00 4.63 3.82 2.08 5.01 1.75 0.81 2.62 0.15 ± 0.14 
10-S, 2.57 1.83 3.14 3.07 0.36 -0.17 ± 0.14 
20-S, 2.23 0.99 0.88 0.80 1.63 -0.38 ±0.14** 
30-S, 2.42 3.77 2.08 1.94 1.40 -0.15 ±0.14 
B73 Test cross 5-S, 2.64 1.55 1.41 1.31 1.06 1.44 0.81 2.48 -0.32 ±0.14* 
10-S, 2.71 1.02 1.89 1.01 2.07 -0.23 ±0.14 
20-S, 3.15 1.82 1.44 1.84 0.40 -0.31 ±0.14* 
30-S, 1.62 1.78 1.86 1.05 0.60 -0.35 ±0.14** 
*, ** Significant at 5% and 1% probability levels, respectively. 
t Standard errors for cycle 0 are S.E./ 8°5 for BSl ICO and S.E./40 5 for BSl ICO selfs, 
BSl ICO x B97 and BSllCO x B73. 
t Check means, in %; B73 x B97 = 1.23; PIONEER 3394 = 0.20; PIONEER 3489 = 0.00; 
DK 580 = 0.00; DK 591 = 0.23. 
- Data not included. 
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Table 3.4. Observed mean stalk lodging (in %) combined over six environments for five 
germplasms each with four effective population sizes for five cycles of selection 
and least square estimates of response to selection in the BSl 1 maize population.} 
Effective Cycle of Selection Regression Coefficient 
Germplasm 
Population 
Size CO CI C2 C3 C4 C5 
S.E. of 
Meanst bO bl 
Population per se (So) 5-S, 21.54 19.82 22.09 17.3 17.03 14.30 1.76 23.1 -1.65 ±0.27** 
10-S, 26.83 21.72 14.48 14.35 11.19 -2.17 ±027** 
20-S, 18.37 19.57 11.62 10.63 7.53 -3.16 ±0.27** 
30-S, 24.01 20.64 16.03 15.90 12.97 -1.90 ±0.27** 
Population per se (Si) 5-S, 14.95 17.61 17.51 11.58 14.77 9.91 1.88 16.44 -0.92 ± 0.32 
10-S, 12.45 12.34 8.94 12.11 6.32 -1.86 ±0.32** 
20-S, 16.22 16.05 8.10 7.59 5.14 -2.14 ±0.32** 
30-S, 16.29 15.18 11.54 9.00 - -1.57 ±0.41 
BSl ICO Test cross 5-S, 21.54 23.03 18.15 15.54 1.76 23.1 -1.51 ±0.32** 
10-S, 23.90 16.80 13.97 -1.82 ±0.32** 
20-S, 22.05 17.48 14.50 -1.74 ±0.32** 
30-S, 23.87 18.40 15.88 -1.41 ±0.32** 
B97 Test cross 5-S, 15.81 14.75 15.84 9.93 14.42 9.84 1.76 15.49 -0.90 ±029** 
10-S, 15.48 13.48 10.06 11.55 7.20 -1.41 ±0.29** 
20-S, 13.31 10.79 9.17 6.38 6.76 -2.01 ±0.29** 
30-S, 11.77 10.95 9.86 10.30 8.13 -1.59 ±0.29** 
B73 Test cross 5-S, 16.45 17.6 15.34 13.62 10.77 10.56 1.76 17.11 -1.30 ±0.29** 
10-S, 16.97 16.70 11.33 14.16 8.72 -1.31 ±0.29** 
20-S, 15.98 12.83 11.07 12.44 8.62 -1.62 ±0.29** 
30-S, 15.48 13.23 13.16 9.56 11.15 -1.48 ±029** 
*, ** Significant at 5% and 1% probability levels, respectively. 
t Standard errors for cycle 0 are S.E./ 8°5 for BSl ICO and S.E./40'5 for BSllCO selfs, 
BSllCO x B97 and BSllCO x B73. 
t Check means, in %; B73 x B97 = 8.06; PIONEER 3394 = 5.99; PIONEER 3489 =3.77; 
DK 580 = 4.24; DK 591 = 7.41. 
- Data not included. 
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Table 3.5. Estimates of rate of response per year for grain yield and grain moisture for five 
germplasm each with four effective population sizes over five cycles of 
selection in the BS11 maize population. 
Effective Grain Yield (Me ') Grain Moisture (g kg"1) 
Population Response Percent Response Percent 
Germplasm Size per Year Response per Year Response 
Population per se (S0) 5-S, -0.05 ± 0.02 -2.05 -1.53 ±0.10** -1.19 
10-S, 0.06 ± 0.02 2.73 -4.11 ±0.10** -3.22 
20-S, 0.06 ± 0.02 2.73 -2.31 ±0.10** -1.81 
30-S, 0.11 ±0.02** 4.77 -2.92 ±0.10** -228 
Population per se (Si) 5-S, 0.01 ±0.02 0.32 -1.76 ±0.75* -1.44 
10-S, 0.10 ±0.02** 6.13 -3.01 ±0.75** -2.48 
20-S, 0.10 ±0.02** 6.13 -1.97 ±0.75** -1.62 
30-S, 0.13 ±0.03** 8.39 -1.35 ±0.98 -1.11 
BSl ICO Test cross 5-S, 0.07 ± 0.02 * 2.96 -1.78 ±0.12** -1.39 
10-S, 0.10 ±0.02** 4.32 -2.03 ±0.12** -1.59 
20-S, 0.06 ± 0.02 2.73 -1.95 ±0.12** -1.53 
30-S, 0.12 ±0.02** 5.23 -1.38 ±0.12** -1.08 
B97 Test cross 5-S, 0.02 ± 0.02 0.65 -0.03 ± 0.62 -0.02 
10-S, 0.04 ± 0.02 * 1.29 -1.45 ±0.62* -1.26 
20-S, 0.05 ±0.02* 1.45 -1.36 ±0.62* -1.18 
30-S, 0.06 ± 0.02 * 1.77 -1.12 ±0.62 -0.97 
B73 Test cross 5-S, 0.06 ± 0.02 * 1.72 -0.35 ± 0.59 -0.30 
10-S, 0.02 ± 0.02 0.63 -1.00 ±0.59 -0.85 
20-S, 0.07 ± 0.02 * 2.19 -0.75 ± 0.59 -0.63 
30-S, 0.01 ±0.02 0.31 -0.16 ±0.59 -0.13 
*, ** Significant at 5% and 1% probability levels, respectively. 
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Table 3.6. Estimates of rate of response per year for root lodging and stalk lodging 
for five germplasm each with four effective population sizes over five 
cycles of election in the BS11 maize population. 
Effective Root Lodging (%) Stalk Lodging (%) 
Germplasm Population 
Size 
Response 
per Year 
Percent 
Response 
Response 
per Year 
Percent 
Response 
Population per se (S0) 5-S, -0.14 ±0.06** -7.85 -0.83 ±0.14** -7.14 
10-S, -0.26 ± 0.06 * -15.12 -1.09 ±0.14** -9.39 
20-S, -0.39 ± 0.06 * -22.38 -1.58 ±0.14** -13.68 
30-S, -0.19 ±0.06 * -10.76 -0.95 ±0.14** -823 
Population per se (S,) 5-S, -0.16 ±0.11 -11.36 -0.46 ± 0.20 * -5.60 
10-S, -0.17 ±0.11 -12.45 -0.93 ± 020 -11.31 
20-S, -0.34 ± 0.11 ** -24.54 -1.07 ±0.20** -13.02 
30-S, -0.23 ±0.14 -16.48 -0.79 ±026** -9.55 
BSI ICO Test cross 5-S, -020 ± 0.08 * -11.34 -0.76 ±0.16** -6.54 
10-S, -0.16 ±0.08 ** -9.01 -0.91 ±0.16** -7.88 
20-S, -020 ± 0.08 * -11.34 -0.87 ±0.16** -7.53 
30-S, -0.25 ± 0.08 -14.24 -0.71 ±0.16** -6.10 
B97 Test cross 5-S, 0.08 ±0.10 5.73 -0.45 ±0.14** -5.81 
10-S, -0.09 ±0.10 -6.49 -0.71 ±0.14** -9.10 
20-S, -0.19 ± 0.10 * -14.50 -101 ±0.14** -12.98 
30-S, -0.08 ±0.10 -5.73 -0.80 ±0.14** -10.26 
B73 Test cross 5-S, -0.15 ±0.05** -12.18 -0.71 ±0.14** -8.09 
10-S, -0.10 ±0.05* -8.40 -0.72 ±0.14** -8.15 
20-S, -0.14 ±0.05** -11.76 -0.87 ±0.14** -9.91 
30-S, -0.16 ±0.05** -13.45 -0.80 ±0.14** -9.12 
*, ** Significant at 5% and 1% probability levels, respectively. 
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Table 3.7. Estimates of least square regressions (bO, bl) and percent (%) response in four 
effective population sizes of five germplasms in the BS11 maize population for 
plant height and ear height. 
Height (cm) 
Germplasm Population Plant Ear 
Size bO bl % bO bl % 
Population per se (S0) 5-S, 252.23 -4.32e* -1.71 140.52 -4.98** -3.54 
10-S, -4.60** -1.82 -5.18** -3.69 
20-S, -8.23** -3.26 -7.48** -5.32 
30-S, -4.96** -1.97 -4.83** -3.44 
Population per se (Si) 5-S, 214.88 -2.57** -1.20 116.09 -3.86** -3.33 
10-S, -2.84** -1.32 -3.99** -3.44 
20-S, -6.69** -3.11 -5.82** -5.01 
30-S, -3.80** -1.77 -4.10** -3.53 
Testcross to BS1 ICO 5-S, 252.23 -0.50 -0.20 140.52 -1.62* -1.15 
10-S, -1.03 -0.41 -2.59** -1.84 
20-S, -3.12** -1.24 -3.44** -2.45 
30-S, -3.37** -1.34 -3.37** -2.40 
Testcross to B97 5-S, 254.26 0.13 0.05 127.80 -0.77 -0.60 
10-S, -1.15** -0.45 -1.59** -1.24 
20-S, -3.74** -1.47 -3.42** -2.68 
30-S, -1.84** -0.72 -1.82** -1.42 
Testcross to B73 5-S, 258.98 -0.66 -0.25 137.18 -1.02** -0.74 
10-S, -2.81** -1.09 -2.87** -2.09 
20-S, -4 06** -1.57 -3.81** -2.78 
30-S, -2.95** -1.14 -2.32** -1.69 
*, ** Significant at 5% and 1% probability levels, respectively. 
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Table 3.8. Estimates of least square regressions (bO, bl) and percent (%) response in four 
effective population sizes of five germplasms in the BS11 maize population for 
days to 50% silk and pollen shed, and ASI. 
Days to 50% 
Germplasm Population 
Size 
Silk Pollen Shed ASI 
bO bl % bO bl % bO bl % 
Population per se (S0) 5-S, 85.15 -0.46* -0.54 81.26 -0.36** -0.44 3.89 -0.10 -2.57 
10-S, -0.69** -0.81 -0.38** -0.47 -0.31* -7.97 
20-S, -0.98** -1.15 -0.89** -1.10 -0.09 -2.31 
30-S, -0.91** -1.07 -0.81** -1.00 -0.10 -2.57 
Population per se (S,) 5-S, 87.52 -0.60** -0.69 82.56 -0.54** -0.65 4.96 -0.06 -1.21 
10-S, -0.77** -0.88 -0.43** -0.52 -0.34** -6.85 
20-S, -1.24** -1.42 -1.01** -1.21 -0.23 -4.64 
30-S, -1.12** -1.28 -0.76** -0.92 -0.36** -7.26 
Testcross to BS1 ICO 5-S, 85.15 -0.47* -0.55 81.26 -0.39** -0.48 3.89 -0.08 -2.06 
10-S, -0.63** -0.74 -0.28* -0.34 -0.35* -9.00 
20-S, -0.64** -0.75 -0.50** -0.62 -0.14 -3.60 
30-S, -0.60** -0.70 -0.50** -0.62 -0.10 -2.57 
Testcross to B97 5-S, 82.91 -0.12 -0.14 79.63 -0.17* -0.21 3.28 0.04 1.22 
10-S, -021** -0.25 -0.15 -0.19 -0.06** -1.83 
20-S, -0.54** -0.65 -0.63** -0.79 0.09** 2.74 
30-S, -0.36** -0.43 -0.40** -0.50 0.04 1.22 
Testcross to B73 5-S, 82.35 -0.22** -0.03 79.76 -0.19** -0.24 2.59 0.03 -1.16 
10-S, -0.10 -0.12 -0.02 -0.03 -0.08** -3.09 
20-S, -0.41** -0.50 -0.57** -0.71 0.16** -618 
30-S, -0.23** -0.28 -0.16** -0.20 -0.07** -2.70 
*, ** Significant at 5% and 1% probability levels, respectively. 
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Table 3.9. Mean grain yield performance of CO and C5 of BSl 1 
populations and their top-crosses to different testers 
in 1997 and 1998. 
BS11 Population Grain Yield (Mg ha"1) t 
BSl ICO 4.42 1m 
BSll(5-S,)C5 4.27 m 
BSl 1(10-S,)C5 4.81 jkl 
BS11(20-S,)C5 4.87 ijkl 
BSl 1(30-S,)C5 5.48 h 
BSl 1(5-S,)C3 x BSl l(5-S,)C5 4.52 Im 
BSl 1(10-S,)C3 x BSl I(10-S,)C5 523 hijk 
BSl 1(20-S,)C3 x Bsl 1(20-S,)C5 4.92 ijkl 
BSl 1(30-S,)C3 x BSl 1(30-S,)C5 5.38 hi 
BSl l(5-St)C5 x BSl ICO 4.80 kl 
BSl 1(10-8^5 x BSl ICO 5.46 h 
BSll(20-S,)C5xBSllC0 4.93 ijkl 
BSll(30-S,)C5xBSIlC0 5.33 hij 
BSl ICO x B97 6.20 g 
BSl 1(5-S,)C5 x B97 6.36 fg 
BSll(IO-S,)C5xB97 6.69 def 
BSl 1(20-S,)C5 x B97 6.98 cd 
BSl l(30-S,)C5 x B97 6.52 efg 
BSl ICO x B73 6.54 ef 
BSl 1(5-S,X35 x B73 6.72 def 
BSll(10-S,)CSxB73 6.89 cde 
BSll(20-S,)C5xB73 7.25 c 
BSl 1 (30-S,)C5xB73 6.35 fg 
B73 x B97 # 8.09 b 
PIONEER 3394 # 8.55 ab 
PIONEER 3489 # 8.42 ab 
DK 580 # 8.60 ab 
DK 591 # 8.64 a 
# Commercial check hybrid. 
t Numbers followed by similar letters are not significantly 
different from each other. 
67 
6.0 
5.5 
5.0 
00 
z 
-o 
o 
> 
4.5 
4.0 
3.5 
0 1 2 3 4 5 
Cycle 
Figure 1. Observed and predicted linear estimates of grain yield in the BSl 1 
populations per se. 
*,** Significant at 5% and 1% levels of probability, respectively. 
# Numbers followed with similar letters are not statistically different from each other. 
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Figure 3.2. Observed and predicted linear estimates of grain moisture in the BSl 1 
populations per se. 
*,** Significant at 5% and 1% levels of probability, respectively. 
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Figure 3.3. Observed and predicted linear estimates of root lodging in the BSl 1 
populations per se. 
*,** significant at 5% and 1% levels of probability, respectively. 
# Numbers followed with similar letters are not statistically different from each other. 
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Selection on the index decreased plant and ear height significantly for all selection 
programs and population types (Table 3.7). The shortest population was 20-S; followed by 
30-S i although the difference between them was not statistically significant. In the 
populations per se the actual reduction was 25, 30, 37, and 16 cm for plant height and 27,28, 
37, and 18 cm for ear height in 5-Si, 10-Si, 20-Sj, and 30-Si. respectively. Days from 
planting to mid-silk and mid-pollen shed were significantly reduced in all selection 
programs. The larger effective population sizes 20-Si and 30-Si had more favorable 
reduction for days to mid-silk and mid-pollen shed than 10-S; and 5-S,. The difference 
between 30-S, and 20-Si for the flowering traits was not significant but both populations 
were significantly different from 10-Si and 5-S,. The 5-S, population was not significantly 
different from 10-S, for days to mid-pollen shed. The anthesis-silking interval (ASI) 
decreased significantly for both the populations per se and populations per se top-crossed to 
BSl ICO. The smallest ASI was in (5-S,)Cl, (10-S,)C4, (30-S,)Cl, and BSl ICO x BSl 1(10-
Si)C5, which was about 2 days. The ASI for (5-S|)C5 x B73 was zero indicating that silking 
and pollen shed occurred simultaneously. A small ASI, which results in better timing of male 
and female flower development is a desired trait. The ASI has been associated with increased 
drought tolerance and indirectly leads to higher yielding maize (Edmeades et al., 1997). A 
negative ASI indicates that silks emerge after pollen shed, whereas a positive ASI indicates 
that silks emerge before pollen shed. In either case as the value for ASI diverges from zero 
there would be disparity between the time for silking and pollen shed, which is not desired. 
A few cases of significant quadratic responses were observed for grain yield in 20-Si 
and 10-Si x B73 and 20-St self, for grain moisture in 30-St x B73, for root lodging in 5-S|, 
20-Si selfs, for mid-silk in 20-Si, for plant height in 10-Si, 5-Si self, and 10-S| self, for ear 
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height in 5-S, and 30-Si (data not shown). The significant quadratic terms explain the 
existence of non-additive gene actions that may play role in changing the population 
structure for those particular traits. 
Inbreeding Effects 
There was significant (P <0.01) inbreeding depression for grain yield, plant height, 
and ear height for all selection programs and cycles of selection. Many of the selection 
program/cycle combinations had significant inbreeding depression for days to mid-silk, and 
mid-pollen shed (Table 3.10). There was a trend for inbreeding depression to decrease over 
cycles of selection for all selection programs. Inbreeding depression for grain moisture was 
highly significant mainly in the 5-Si population exhibiting almost constant value over the 
cycles for 5-Si and 20-S; populations, and decreasing trend for 10-S, and 30-S,. Inbreeding 
depression for stalk lodging was detected in the 10-Si in the first three cycles of selection and 
in 30-S, in Cycles 0 to 2 and Cycle 4. No significant inbreeding depression was found for 
root lodging except for C4 in 5-Si, C2 in 30-Si, and CO in all the population sizes. There was 
no directional trend of inbreeding depression for root lodging over the selection cycles in the 
populations. Inbreeding depression generally decreased over cycles of selection for stalk 
lodging in all the populations except 5-S, and 30-Si, which were erratic. Percent inbreeding 
depression for plant height and ear height over the cycles of selection seemed to increase in 
5-Si and 10-Si after CI, while showing the reverse in 20-Si and 30-Si. However, the over all 
trend was in the decreasing trend in all the populations for both the traits. 
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Table 3.10. Inbreeding depression in actual units (AU) and percent (%) for 10 agronomic 
traits in five cycles of selection in four effective population sizes in the BSl 1 
maize population. 
Selection Program 
Trait Cycle ^Sl 10-SI 20-SI 30-SI 
AU % AU % AU % AU % 
Grain Yield (t/ha) CO 1.50** 33.87 1.50** 33.87 1.50** 33.87 1.50** 33.87 
CI 0.95** 23.34 1.11** 25.67 1.19** 24.19 0.92** 20.35 
C2 1.30** 30.63 1.28** 25.72 0.84** 18.47 1.07** 22.05 
C3 0.98** 24.68 0.98** 20.48 1.03** 21.34 1.26** 24.85 
C4 0.69** 17.98 1.14** 23.10 1.23** 24.96 0.58** 11.22 
C5 0.99** 23.09 0.91** 18.93 0.94** 19.32 -
-
Grain Moisture (g/kg) CO 15.98** 62.15 15.98** 62.15 15.98** 62.15 15.98** 62.15 
CI 16.68** 67.18 8.29 33.71 12.55* 50.67 -0.70 -2.81 
C2 10.33* 44.05 1.41 5.89 1.80 7.48 1.99 8.25 
C3 13.57* 52.77 7.78 32.26 5.76 24.31 3.02 12.66 
C4 11.94* 46.26 1.57 7.00 7.65 32.32 6.17 26.17 
C5 16.60** 72.71 4.41 21.29 16.44** 69.05-10.42 -46.43 
Root Lodging (%) CO 1.36** 42.65 1.36** 42.65 1.36** 42.65 1.36** 42.65 
CI 0.41 6.79 0.63 20.39 1.27 70.96 0.75 16.39 
C2 -0.49 -15.74 0.56 16.36 0.54 29.06 2.24** 49.55 
C3 0.97 37.33 0.00 -0.20 0.00 1.40 0.92 62.97 
C4 2.08* 65.71 0.80 46.12 0.26 100.00 0.71 43.17 
C5 0.43 51.79 -0.81 0.00 0.32 100.00 -1.23 -93.93 
Stalk Lodging (%) CO 6.59** 30.61 6.59** 30.61 6.59** 30.61 6.59** 30.61 
CI 2.20 11.12 14.38** 53.60 2.15 11.69 7.72** 32.15 
C2 4.57 20.71 9.39** 43.21 3.52 17.98 5.46* 26.47 
C3 5.71* 33.04 5.54* 38.29 3.52 30.28 4.49 27.99 
C4 2.26 13.27 2.23 15.56 3.04 28.60 6.90** 43.40 
C5 4.39 30.70 4.88 43.59 2.39 31.72 -2.20 -16.94 
Plant Height (cm) CO 43.26** 17.10 43.26** 17.10 43.26** 17.10 43.26** 17.10 
CI 24.71** 10.17 25.36** 10.20 37.48** 15.59 32.88** 13.28 
C2 27.70** 11.60 31.36** 12.84 28.20** 12.06 30.35** 12.77 
C3 32.66** 13.48 32.21** 13.07 32.98** 14.52 35.01** 14.94 
C4 30.52** 12.62 31.32** 13.29 35.42** 16.31 30.82** 13.24 
C5 32.78** 14.48 30.76** 13.84 28.27** 13.18 22.44** 9.72 
*, ** Significant at 5% and 1% probability levels, respectively. 
- Data not included. 
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Table 10. (continued) 
Selection Program 
Trait Cycle 5-SI 10-SI 20-SI 30-SI 
AU % AU % AU % AU % 
Ear Height (cm) CO 29.74** 20.79 29.74** 20.79 29.74** 20.79 29.74** 20.79 
CI 13.80** 10.86 17.45** 13.11 24.11** 18.52 21.35** 15.84 
C2 19.43** 15.40 21.63** 16.35 10.18** 8.10 19.01** 14.87 
C3 21.82** 17.59 15.62** 12.17 23.67** 19.81 20.02** 16.27 
C4 17.93** 14.45 18.91** 15.76 17.43** 1625 19.68** 16.52 
C5 22.98** 19.62 23.55** 21.01 18.00** 17.07 11.10** 9.16 
Dropped Ears (%) CO -0.32 -12.41 -0.32 -12.41 -0.32 -12.41 -0.32 -12.41 
CI -2.52 -70.29 -3.66* -123.03 -1.09 -52.64 -1.52 -37.78 
C2 -2.26 -38.81 -5.24** -237.73 -0.28 -11.26 -1.65 -68.33 
C3 -3.57* -169.86 -1.67 -81.99 1.06 49.24 -1.74 -93.29 
C4 -1.38 -45.54 -0.60 -39.90 -0.39 -38.42 -2.00 -97.66 
C5 -0.24 -9.10 -1.00 -117.70 -0.31 -18.39 -3.15* 180.19 
Silking Date (days) CO -6.10** -7.47 -6.10** -7.47 -6.10** -7.47 -6.10** -7.47 
CI -3.53** -4.24 -3.72** -4.45 -1.37 -1.65 -4.13** -4.99 
C2 -2.03** -2.45 -1.44 -1.73 -2.71** -3.30 -2.02** -2.44 
C3 -2.48** -2.91 -3.77** -4.55 -2.77** -3.41 -0.86 -1.05 
C4 -3.06** -3.67 -2.40** -2.88 -1.28 -1.59 -2.62** -3.23 
C5 -0.11 -0.13 -0.77 -0.95 -0.25 -0.30 -7.85** -9.66 
Pollen Date (days) CO 3.52** 4.09 3.52** 4.09 3.52** 4.09 3.52** 4.09 
CI -1.34** -1.66 -1.28** -1.58 -0.02 -0.03 -1.27** -1.57 
C2 -1.30** -1.64 -1.30** -1.62 -1.80** -228 -1.12* -1.41 
C3 -0.93* -1.14 -1.69** -2.11 -1.73** -2.22 -2.56** -3.28 
C4 -1.40** -1.76 -0.69 -0.86 -1.31** -1.68 -1.59** -2.05 
C5 0.55 0.69 -1.05* -1.34 0.16 0.21 -4.53** -5.82 
ASI (days) CO -9.04** 204.69 -9.62** 217.98 -9.62** 217.98 -9.62** 217.98 
CI -2.19** -94.84 -2.44** -95.25 -1.35* -50.89 -2.86** -144.73 
C2 -0.72 -21.06 -0.15 -4.40 -0.91 -29.38 -0.91 -25.22 
C3 -1.55* -37.72 -2.08** -75.55 -1.04 -30.05 1.70** 42.18 
C4 -1.66** -44.99 -1.70** -74.16 0.02 0.71 -1.03 -29.82 
C5 -0.66 -19.67 0.28 9.39 -0.41 -9.59 -3.33** -94.84 
75 
Most of the cycles had significant inbreeding depression for mid-silk except for C5 in 
5-Si, C2 and C5 in 10-Si, Cl, C4, and C5 in 20-Si, and C3 in 30-S;. There was an increasing 
trend for days to mid-silk in all the population sizes. For days to mid-pollen shed only C5 in 
5-Si, C4 in 10-Si and CI and C5 in 20-Si were not significant for inbreeding depression. All 
the populations suffered decreasing trend of inbreeding depression for days to mid-pollen 
shed. Most of the cycles of selection had significant inbreeding depression for ASI. The trend 
was in the positive direction although the values were in the negative region. Apart from 30-
S| the ASI trend seemed to stay similar in the other three populations. 
The actual values of inbreeding depression were the largest and highly significant for 
CO for all the traits in the four effective population sizes. This shows that the incidence of 
inbreeding was more severe when subjected to the base populations than in the subsequent 
cycles of selection because the CO population was more heterozygous at many loci than in 
the subsequent cycles of selection. The fact that there was inbreeding depression suggests 
that dominance gene effects are prevalent as well as many unfavorable alleles in the CO 
population. Therefore inbreeding may have exposed many of the deleterious alleles that 
existed in heterozygous forms in the original population. Selected populations are expected 
to have fewer deleterious alleles and become more useful than the original population. 
Walters et al. (1991) showed this when they obtained significantly greater yield in Si 
generation from BS13(S)C3 and BSSS(R)C9 than in Si generation of BSSSCO. Relatively 5-
S; seemed to show the smallest actual inbreeding depression over the cycles of selection for 
yield. Probably the yield trait genes have been fixed as the result of small population size. 
Compared to other populations 5-S| exhibited relatively higher inbreeding depression for 
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grain moisture and 10-S, had relatively higher inbreeding depression for stalk lodging over 
the cycles of selection indicating that the traits were still segregating at much more loci. 
Conclusions 
In general our data support a suggestion that responses across all measured traits is 
greater with the larger effective population sizes. Guzman and Lamkey (2000) reported that 
there was no significant change in additive genetic variances for grain yield between CO and 
C5 of the four effective population sizes. Therefore, the greater selection responses in the 
larger effective population sizes is not related to the amount of genetic variation, but it may 
be related to the expression of genetic variation. Because so few progenies are evaluated in 
the 5-S i and 10-St selection programs, it is conceivable that the genetic variation for any 
given trait is not always adequately represented. Both 20-S| and 30-Si had favorable rankings 
of improvement for all the agronomic traits. Days to mid-silk and mid-pollen shed, plant 
height, ear height, and ASI were improved in the desired direction (Tables 3.7 - 3.8). In terms 
of grain yield 30-Si out performed significantly the other three population sizes. The rate of 
progress in 30-S, was 0.11 Mg ha"1 year"1, which was double that in 10-Sj and 20-S,. The 30-
S, selection program has become shorter, more resistant to lodging, earlier to flower, and 
higher yielding than the other selection programs. Our results suggest that using effective 
size of 30 would be the best to consider if a breeding program is to be conducted for five or 
more cycles of S, selection that would require 10 or more years. Effective size 30-S, showed 
the least inbreeding effects indicating it had adequate favorable genetic variation as 
compared to the rest of the populations. To avoid the negative effects of random genetic drift 
and inbreeding it is useful to consider adequate effective population size in maize recurrent 
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selection programs. Small population sizes lead to genetic uniformity and loss of genetic 
variability because of fixation of alleles. The decision to either choose 30 or greater effective 
population size has to take into account the balance between heavy investment requirement 
of resources and the rate of progress in selection cycles, which is influenced by the number 
of progenies recombined and selection intensity. In practice breeders are constrained with 
limited fund, time, and land when they start to consider handling large population sizes. With 
smaller population sizes there is a high risk of losing variability in the populations due to 
random genetic drift. In the long run we suggest it will be useful to evaluate more advanced 
cycles of selection to see the consistency of results with our recommendations. Similar to our 
conclusions (Crossa et al., 1994, Crossa, 1989) suggested to use at least > 20 individuals for 
recombination to capture the necessary alleles in the sample of a population. 
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CHAPTER 4. ESTIMATION OF GENETIC PARAMETERS IN 
EFFECTIVE POPULATION SIZES OF MAIZE DEVELOPED 
BY S, RECURRENT SELECTION METHOD 
A paper prepared for submission to Crop Science Journal 
Kebede M. Ponta'~ and Kendall R. Lamkey3'4 
Abstract 
Recurrent selection strategies capitalize on the genetic structures of breeding 
populations and gene frequencies. Four effective population sizes 5, 10, 20, and 30 were 
examined with the objectives to partition the response to selection into that due to additive 
and non-additive genetic components and suggest appropriate breeding strategies. Effective 
population sizes were developed from the BS11 maize germplasm by S i-progeny selection 
using a constant 20% selection intensity and designated as 5-Si, 10-S,, 20-Si. and 30-S, 
programs. The populations per se, populations per se selfed, populations top crossed to B97 
and B73, diallel cross among CO, C3, and C5 of populations, and Cl x CO crosses were 
evaluated. Both additive and dominance genetic effects were significant and responsible for 
yield response in BSl ICO population; however, the additive effect was greater than the 
dominance effect. Si-progeny selection increased yield due to favorable additive effects in 
10-Si, 20-Si, and 30-S, and improved other traits in the desired direction. No significant 
contribution of alleles due to dominance in all the populations. Population 5-S; did not show 
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any significant allelic change due to either additive or dominance effect. Larger population 
sizes (20 and 30) had loci with more favorable additive effects and showed higher response 
to selection. All populations exhibited significant loss of heterozygous loci for grain yield 
indicating the influence of inbreeding as the result of genetic drift. A breeding approach such 
as selection with the use of either population and/or inbred testers that would exploit the 
prevailing genetic effects is appropriate. 
Introduction 
Effective population size is related to the number of parents or individuals that are 
intermated to synthesize a new population in recurrent selection programs (Falconer and 
Mackey, 1996, Caballero, 1994, Enfield, 1980, Vencovsky, 1978, Baker and Curnow, 1969, 
Kimura and Crow, 1963). The concept of effective population size is essential to the design 
of effective breeding strategies. The degree of genetic variance in finite populations after 
selection is influenced by effective population size, which in turn is dependent on the 
selection intensity. Breeders usually prefer to use a smaller sample size in greater number of 
populations rather than a greater sample size in one or two populations (Hallauer et al., 
1988). Random sampling a finite number of individuals from a population leads to fixation of 
alleles before selection can fix the frequencies of the desirable alleles. Up until now a 
population size in which to initiate germplasm improvement has not been established. 
Weyhrich et al. (1998) studied response to four cycles of Si selection after 
intermating 5, 10, 20, and 30 Si lines with a common 20% selection intensity in the BSl I 
maize population. They obtained no significant differences in rates of response for grain 
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yield among the 10, 20, and 30 population sizes. But a significant yield decrease was 
recorded in the population size of 5. The same populations were evaluated after five cycles of 
selection and showed significantly greater response in 30 than in 10 and 20 populations 
(Ponta and Lamkey, 2001). 
If population size is too small, the effect of inbreeding due to random genetic drift can 
overwhelm any changes due to selection leading to undesired effects such as the exhaustion 
of genetic variability or extinction of the species (Keeratinijakal and Lamkey, 1993a, Helms 
et al., 1989, Smith, 1983, Kimura and Crow, 1963). Allelic frequencies are altered randomly 
in small sample sizes. Therefore there is a concern, especially in germplasm conservation 
that genetic drift may endanger the genetic identity of germplasm collections during the 
process of seed regeneration and maintenance (Reedy et al., 1995). In small samples the 
optimum number of genotypes needed to capture alleles with varying levels of frequency for 
germplasm conservation was described by Crossa et al. (1994) and Crossa (1989). Forty to 
100 genotypes are required to preserve alleles occurring at the frequency of 10 to 5%, 
respectively. As the frequency of alleles gets smaller the sample size required to capture 
those alleles needs to be increased. 
A majority of the recurrent selection studies in maize have been designed such that 
the effect of breeding method, population size, and selection intensity are confounded. This is 
a function primarily of limited resources and practical need to conduct selection in multiple 
populations. Sample sizes used by breeders are typically based on prior experience with the 
germplasm and the resources available. The efficiency and effectiveness of recurrent 
selection programs cannot be precisely estimated without accounting for effective size and 
the genetic effects involved. Various selection programs were practiced with different 
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selection methods in different populations for the same trait, the same breeding method in 
different populations for the same trait, the same breeding method in the same population for 
different traits, and different or the same effective population size for the same population or 
different populations (Hallauer et al., 1988, CIMMYT, 1981, Sprague and Eberhart 1977). 
Generally the number of individuals recombined in maize varies arbitrarily from 10 to 
35 (Hallauer, 1992). As a compromise for short- and long-term selection programs Rawlings 
(1970) suggested intermating 30 to 45 individuals with 10% selection intensity. The 
recommendation was based on the idea that the number of lines recombined should be as 
large as possible because expected total advance and "half-life" of recurrent selection 
progress are proportional to effective population size. Baker and Cumow (1969) 
recommended intermating 16 or more individuals in a long-term selection program (>10 
generations). Otherwise they said selection in replicated plots of effective population size of 
16 or less would be sufficient for short-term improvement program. Garay et al. (1996) and 
Weyhrich et al. (1998) suggested 10 lines for recombination in maize populations. They 
observed adequate progress for grain yield without unfavorable effects of genetic drift in 
short-term selection programs (2-4 cycles). But Eberhart et al. (1973a) reported lack of 
progress after five cycles of reciprocal recurrent selection in the parent population when 10 
lines were recombined and argued that this could be due to the accumulation of inbreeding (> 
20%). However, there is a tendency favoring the use of smaller population size (~ 10-15 
parents) because of the interest of the speed of time in which to generate improved products 
and the limited resources that are available in most breeding programs. 
Response to selection is influenced by the genetic structure of the population. Studies 
after 11 cycles of selection of reciprocal recurrent selection in BSSS(R) and BSCB1(R) 
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maize populations showed that both additive and dominance effects were important for the 
improvement of grain yield in BSSS(R) while only dominance effects were important in 
BSCB1(R) (Keeratinijakal and Lamkey, 1993a). The authors reported greater improvement 
for the inter-population cross than for the populations per se, which were affected by 
inbreeding depression due to genetic drift since the effective population size was < 20. 
With only additive gene effects, genetic variances are expected to decrease following 
an event that bottlenecks a population. Theoretical and empirical evidences have shown that 
when non-additive gene effects are important, populations show no change or an increase in 
additive genetic variance after passing through a bottleneck event primarily due to the 
conversion of non-additive components into additive genetic variance (Cheverud et al., 1999, 
Bryant and Meffert, 1996b). The conversion is associated with epistatic effects that may 
enhance the relative efficiency of selection, or it is the spreading average effects of alleles 
that lead to increased additive genetic variance whenever epistatic genetic variance is greater 
than 1/3 of the additive genetic variance in the ancestral population (Goodnight, 2000, 
Cheverud and Routman, 1996). In finite population sizes of housefly (Wade, 1984) reported 
increased variances of progeny number, which he attributed to the size of breeding 
population and sex ratio. In BSSS maize germplasm Holthaus and Lamkey (1995) and 
Keeratinijakal and Lamkey (1993a) reported adequate dominance and additive genetic 
variance components. Dominance variance seems to decrease with repeated random 
intermating (Han and Hallauer, 1989). 
Proper planning of an efficient breeding program depends on the performance and the 
knowledge of the types of gene action in the germplasm. To enhance the breeding success a 
population should have adequate genetic variability. We studied the genetic changes that 
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have occurred after five cycles of Srprogeny selection in the BSll maize population by 
developing four effective population sizes (5, 10, 20, and 30) and using a common 20% 
selection intensity. These changes may give us insight into the genetic architecture of each 
population size and provide a guide to determining the appropriate population size. The 
information will be essential for planning and conducting selection programs to maximize 
short- and long-term breeding strategies. 
The objectives of our study were: 1) to partition the response to selection in each of 
the effective population sizes into that due to additive and dominance genetic effects using 
the model proposed by Smith (1983) that was developed to estimate effects due to additive, 
non-additive, and genetic drift, and 2) to suggest appropriate breeding strategies based on the 
genetic structure of the populations. 
Materials and Methods 
Germplasm 
The four selection programs were conducted in the genetically broad-based maize 
composite BSll. This population was formed by crossing prolific germplasm from the 
southern United States with the US Corn Belt maize inbred lines. It was developed by W.L. 
Brown at Pioneer Hi-Bred International and was originally known as Pioneer Two-Ear 
Composite (Hallauer 1967). The original BS11 population had undergone 10 cycles of mass 
selection for prolificacy and for adaptation to the central US Corn Belt. 
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Breeding Plan for Germplasm Development 
BS11 was used to initiate four Si-progeny selection programs where 5, 10, 20, and 30 
progenies were recombined using a 20% selection intensity. The selection programs in which 
5, 10, 20, and 30 progenies were recombined will be referred to as 5-Si, 10-Sj, 20-Si, and 30-
S|, respectively. Weyhrich et al. (1998) provided details of the selection programs. Briefly, 
the 20-Si program was initiated in the 1977/78 winter nursery at the Agronomy Farm Ames, 
Iowa by selfing 150 to 200 plants in BSll and evaluating 100 Si lines in the summer of 
1978. The 5-Si, 10-S;, and 30-Si breeding programs were initiated in the 1979/80 winter 
season by selfing 300 to 400 plants in BSll and evaluating the S, lines in the summer of 
1980. The selection programs were conducted by using a 2-year cycle time consisting of 
generating S|.progenies in the winter followed by agronomic evaluation the following 
summer. Five of 25 progenies were selected for 5-Si, 10 of 50 for 10-Si, 20 of 100 for 20-St, 
and 30 of 150 for 3O-S|. Progenies were selected using a heritability index based on grain 
yield, root lodging, stalk lodging, and grain moisture at harvest. 
Remnant seed of the selected entries of each population was taken from cold storage 
and planted for intermating by using the bulk-entry method (Hallauer, 1985). Synthetic-1 
(Syn-1) populations were formed by bulking an equal number of kernels of each ear 
harvested from the bulk entry rows (Hammond and Gardner, 1974). The Syn-1 population 
was planted in 500 plant blocks and random mated by chain sibing to form the Syn-2 
population, which was used to initiate the next cycle (C) of selection. Three seasons in two 
years were required to complete one cycle that involved selfing, testing, and intermating of 
the selected progenies. Therefore, two years were necessary to complete one cycle of Si-
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progeny selection in these programs. Five cycles of selection for each effective population 
size were completed in 1990/91 (Appendix Table Al). 
Generating Seeds for Evaluation 
After five cycles of Si recurrent selection were completed in each effective population 
size, remnant seeds were taken from cold storage for seed increase, selfing and crossing. 
Seed of BSl ICO and the CI, C2, C3, C4, and C5 populations of each selection program was 
sib mated and selfed to produce seed of the populations per se and populations per se selfed. 
Seed of the crosses from a diallel among the CO of BSl I and the C3 and C5 of each selection 
program (9 total populations) was produced by hand pollination. In addition, the CI 
population of each selection program was crossed to the CO population. The BSl ICO and the 
CI, C2, C3, C4, and C5 populations for each selection method were also top crossed with the 
inbreds B97 and B73. Seeds of the populations per se and populations per se selfed were 
produced by chain-sibing or selfing 160 plants, respectively. The diallel crosses were 
produced by reciprocally crossing 80 plants from each population. The top-crosses were 
produced by using 160 plants of the populations as females and the inbred testers as males. 
Entries and Experimental Design 
The non-inbred populations and the inbred (selfed) populations were evaluated in 
separate experiments to avoid competition between the inbred and the non-inbred 
populations. Both experiments were evaluated at Ames, Crawfordsville, and Carroll, in Iowa, 
in the mid-west USA in 1997 and 1998. 
Entries in the non-inbred experiment included the 24 populations per se (the CO was 
included once for each selection program), the 36 diallel crosses among BSl ICO, and the C3 
and C5 of each selection program, the 24 top crosses to B97 (the CO x B97 cross was 
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included once for each selection program), the 24 top crosses to B73 (the CO x B73 cross was 
included once for each selection program), the four Cl x CO population crosses, four 
additional entries of BSl ICO, and five checks (B73 x B97, plus four commercial hybrids). 
The 121 entries in the non-inbred experiment were evaluated in a 11 x 11 triple lattice 
design. The 24 populations per se selfs (CO self was included once for each selection 
program) in the inbred experiments were evaluated in a randomized complete block design 
with three replications. 
Plots consisted of two rows of 5.49 m long and 0.76 m wide between rows and 
approximately 0.20 m within a row. Each plot was over-seeded (32 seeds/packet in a row) 
and thinned back at about the five-leaf stage to 54 plants per plot to establish about 64,748 
plants ha"1. All plots were planted and harvested by machine. Standard cultural and 
management practices were followed in all the locations. 
Data Collection 
For both non-inbred and inbred experiments, data were collected over six 
environments for grain yield (Mg ha*1) adjusted to 155 g kg"1 grain moisture, grain moisture 
at harvest (g kg"1), and stand (1000 plants ha"1), and from five environments for stalk lodging 
(%), root lodging (%), plant height (cm), and ear height (cm). Days to mid-silk and mid-
pollen shed were recorded in two environments. 
Plant height was measured as the distance from the soil surface to the flag leaf and the 
ear height was measured as the distance from the soil surface to the highest ear-bearing node. 
Plant height and ear height were recorded as the average of measurements on 10 competitive 
plants per plot. Stand count was the total number of plants counted in a plot at harvest. Root 
lodging was the percentage of plants leaning greater than 30 degrees from the vertical. Stalk 
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lodging was the percentage of plants broken at or below the primary ear node. No gleaning 
for dropped ears was done at harvest. Anthesis-silking interval (ASI) was calculated as the 
difference between days from planting to mid-silk and mid-pollen shed. 
Statistical Analysis 
The analyses of variance for individual environments were calculated according to 
the analysis for a square lattice and a randomized complete block for the non-inbred and 
inbred experiments, respectively. The combined analysis over environments for the non-
inbred experiment was calculated in a mixed model with environments, replications within 
environments, and entries fit as fixed effects, and rows within replications and environments, 
and columns within replications and environments, and entry x environment fit as random 
effects. The variance of the means for the non-inbred experiment were calculated by PROC 
MIXED of SAS computed the standard error of the difference between two treatment means 
for all possible treatment pairs. The standard error of the difference was squared, divided by 
two, and then averaged over all treatment pairs to obtain the average variance of a treatment 
mean. The inbred experiment was analyzed across environments by using the standard 
analysis for a randomized complete block design. All effects in the model were considered 
fixed except genotype x environments interaction. The genotype x environment interaction 
mean square was used in all tests of significance among entries. Four groupings of the entries 
in the non-inbred experiment were made for the purpose of further analyses using least 
square regression: 1) Populations per se and populations crossed to BSl ICO as they all have 
BSl ICO as their common CO genotype, 2) populations crossed to B73 with BSl ICO x B73 as 
their common CO genotype, 3) populations crossed to B97 with BSl ICO x B97 as their 
common CO genotype, and 4) populations per se selfed that have BSl ICO selfed with the 
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common CO genotype. Response for the selection method is fit through the common CO 
intercept by weighted least squares regression model with weight being the variance of cycle 
means from the combined analysis of variance. 
Least square estimates for genetic parameters beta (0) coefficients were obtained 
using Smith's (1983, 1979a) model. The mean over all environments for entries were 
considered as Y matrix corresponding to genetic parameter beta estimate (~p), where "(J = 
(X'X)"'X'Y formed as functions of cycle number and genetic parameter. 
Descriptions of the Genetic Parameters 
Notations for genetic parameters and their descriptions used in this report are based 
on the Smith's (1983) model (Appendix B). The parameters are used to generate estimates of 
selection. 
AO! = n + X(2P - l)a = Contribution of additive genetic effect to the mean of the Ith 
population in cycle zero, or the mean plus the intercept of base population, or the 
contribution of homozygous alleles (additive) effect regressed on cycles of selection. 
DOI = Z(1 - P)d = Contribution of dominance genetic effect to the mean of the Ith 
population in cycle zero, or one half the intercept of the effect due to dominant 
(heterozygous) loci regressed on cycle of selection in cycle zero of Ith population, or the 
decrease in the population mean after one generation of self fertilization. 
Both AOI and DOI are contributions to the mean of cycle zero in population I. 
ALI = ZAPa = Contribution of additive genetic effect to the response of selection in the Ith 
population over cycle of selection, or partial linear regression coefficient due to additive 
(homozygous) loci regressed on cycles of selection, or one half per cycle change in the mean 
of Ith population due to homozygous loci. 
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DLI = lAP(l - 2P)d = Contribution of dominance genetic effect to the response of selection 
in the Ith population over cycles of selection, or partial linear regression coefficient due to 
contribution of heterozygous loci regressed on cycles of selection, or one half the change in 
the population mean due to dominance loci effect in the Ith population. 
Both ALI and DLI are contributions of linear change over cycles of selection. 
DQI = £(AP)2d = Estimates of loss of hétérozygotes, or effect due to genetic drift, or 
selection in small population sizes (< 25 individuals), or the partial quadratic regression 
coefficient of heterozygous contributions regressed on cycles of selection, or one half the 
change in the population mean after one cycle of selection due to finite population size 
(sampling effect). 
HQIT = -Z2APAP'dJJ' = Effect due to heterosis in the cross of two populations, or quadratic 
function in the allelic change in allele frequencies and heterozygous effect in the cross 
between two different populations in different cycles of selection. 
Results and Discussion 
The analysis of variance using the Smith's (1983) model showed significant 
differences for all the traits included in the study (data not shown). The observed and 
predicted mean grain yield and other agronomic traits of the populations across environments 
are presented in (Tables 4.4 - 4.6). The highest observed grain yield was 5.87 Mg ha*1 in 5-
Si(C5) x 10-S|(C5) and the least was 2.92 Mg ha*1 in BSl ICO self. The grain yield results 
from selfed populations and diallel cross among CO, C3, and C5 of the populations are 
summarized in (Table 4.7). Among the populations per se 30-Si produced the best grain yield 
of 5.48 Mg ha'1 in the non-inbred trial and 4.06 Mg ha"1 when selfed. 
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Least square estimates for 11 agronomic traits are presented in (Tables 4.1 - 4.3). The 
AOI and DOI are additive and dominance genetic effects respectively in the original 
populations. Estimates of the both parameters were highly significant in BSl ICO population 
indicating both additive and dominance genetic effects were responsible for the observed 
yield results. The effect due to AOI (1.69 Mg ha"1) was greater than that of DOI (1.33 Mg ha" 
') for grain yield indicating that additive effects were more important than dominance effects 
in BSl ICO. The significant additive and dominance genetic effects in BSl ICO suggest that 
any breeding procedure that exploits both these effects could be used to improve BSl ICO. 
Recurrent selections with testers that involve populations and inbred lines are appropriate to 
use. In addition to genetic information the choice of selection method would be determined 
by the availability of resources. 
The ALI effect was significant for grain yield in 10-Si, 20-S|, and 30-Si selection 
programs. This shows that the Si selection effectively increased favorable alleles with 
additive effects in the selection programs. The DLI was not significant in all the four 
programs indicating no much contribution of alleles due to dominance effects for the grain 
yield improvement. This is because the Si recurrent selection approach favors the 
accumulation of additive genetic effects more than the dominance effects. 
In 5-Si the ALI and DLI were both non significant for grain yield suggesting the 
allele frequencies of both additive and dominance effects were not increased by the Si 
selection in 5-Si or the small changes made by the selection could not be detected by the 
model. DQI is the effect of loss of hétérozygotes due to finite population size. The DQI effect 
for grain yield was negative and highly significant in all the selection programs suggesting 
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the incidence of inbreeding due to genetic drift was affecting the improvement in the 
populations per se. 
There was significant effect of HQIT for grain yield in 10-Si x 20-Si, 10-Si x 30-Si, 
and 20-Si x 30-Si exhibiting directional dominance. Non-significant HQIT indicates the 
absence of directional dominance in the populations cross. Except DOI for root lodging and 
ASI all the nine traits showed significant differences for AOI and DOI indicating the traits 
were controlled by alleles with additive as well as dominance effects (Tables 4.1 - 4.3). The 
decline in the trait means after the first bottleneck suggests that dominance effects may have 
been involved. As the effective population size increased from 5-S, to 30-Si the estimates of 
favorable alleles due to additive effects (ALI) also tended to increase suggesting larger 
population sizes may contain more loci with favorable additive effects than the smaller 
population sizes. 
The estimates of ALI were negative and significant in 20-Si for grain moisture, root 
lodging, plant height, ear height, mid-pollen shed, and mid-silk indicating selection reduced 
unfavorable alleles for the traits. In 5-S, the significant low stalk lodging and ear height for 
DLI was due to selection against unfavorable dominance effects. 
DQI is the effect due to the loss of hétérozygotes. There was significant DQI for grain 
yield and grain moisture in 5-Si, 10-Si, 20-Si, and 30-Si programs. The loss of hétérozygotes 
(DQI) was significant in 10-S, for plant height, days to mid-silk, and ASI indicating the 
influence of inbreeding as the result of sampling effects. This resulted in the reduction in 
plant height, days to mid-silk, and days to ASI in 10-S, as the consequence of significant 
DQI with negative effects. 
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Table 4.1. Least square estimate of genetic parameters and their standard errors based on 
Smith (1983) model in the BSl 1 populations and their crosses for grain yield, 
grain moisture, and root lodging. 
Genetic Grain Root 
Population Parameter Yield (Mg ha"1) Moisture (g kg"1) Lodging (%) 
BSl ICO AOI 1.69 ±0.11 ** 231.32 ±1.11** 2.18 ±0.55** 
DOI 1.33 ±0.07** 11.79 ±0.62** 0.55 ±0.33 
(AOI+2DOD+ 4.35 ±0.05 254.91 ±0.35** 3.28 ±0.23 ** 
BSll (5-S,) ALI 0.04 ±0.03 -2.02 ±0.26** -0.14 ±0.13 
DLI 0.03 ±0.04 -0.10 ±0.33 0.04 ±0.18 
DQI -0.02 ±0.01 ** 0.15 ±0.04** -0.02 ±0.03 
2(ALI+DLI)t 0.15 ±0.05** -4.24 ±0.37 -0.20 ±0.23 
BSl I( 10-S,) ALI 0.13 ±0.03** -1.69 ±0.26** -0.06 ±0.13 
DLI 0.07 ±0.04 -1.25 ±0.33 -0.14 ±0.18 
DQI -0.03 ±0.01 * -0.34 ±0.04 * -0.02 ±0.03 
2(ALI+DLI)t 0.40 ±0.05 * -5.89 ±0.37 * -0.40 ±0.23 
BS11(20-S,) ALI 0.15 ±0.03 * -1.74 ±026** -0.33 ±0.13** 
DLI 0.02 ±0.04 -1.34 ±0.33 -0.13 ±0.18 
DQI -0.03 ±0.01 * 0.22 ±0.04 * 0.03 ±0.03 
2(ALI+DLI)t 0.34 ±0.05 * -6.17 ±0.37** -0.93 ±0.23 ** 
BS11(30-S,) ALI 0.15 ±0.03** 0.07 ±0.33 -0.23 ±0.16 
DLI 0.06 ±0.05 -2.44 ±0.40 * -0.04 ±0.22 
DQI -0.02 ±0.01 * -0.12 ±0.04** 0.01 ±0.03 
2(ALl+DLI)t 0.43 ±0.06 * -4.73 ±0.37** -0.53 ±0.24 * 
BSl 1(5-S|) x BSl 1(10-S,) HQ»' 0.00 ±0.01 -0.08 ±0.03 * -0.03 ±0.02 
BSl I (5-S,) x BSl 1(20-St) HQir -0.00 ±0.01 0.12 ±0.03** -0.00 ±0.02 
BSl 1(5-S,) x BSl 1(30-S,) HQir -0.00 ±0.01 -0.06 ±0.03 -0.01 ±0.02 
BSl 1(10-S[) x BSl 1(20-S,) HQir -0.01 ±0.01 * -0.03 ±0.03 0.00 ±0.02 
BSll(10-S,)xBSll(30-S,) HQir -0.01 ±0.01 ** -0.24 ±0.03 -0.01 ±0.02 
BSl 1(20-S,)x BSl K30-S,) Hoir -0.01 ±0.01 * 0.14 ±0.03 * 0.01 ±0.02 
R2 0.9982 0.9994 0.8525 
*, ** Significant at 5% and 1% levels of probability, respectively. 
± Standard error. 
t Linear combination of genetic parameters after adjusting for genetic drift (DQI). 
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Table 4.2. Least square estimate of genetic parameters and their standard errors based 
on Smith (1983) model in the BSl 1 populations and their crosses for stalk 
lodging, plant height, and ear height. 
Genetic 
Stalk Height (cm) 
Population Parameter Lodging (%) Plant Ear 
BSl ICO AOI 10.16 ±1.45** 176.69 ±1.88** 91.41 ±1.63** 
DOI 6.39 ±0.83 * 37.59 ±1.07** 24.77 ±0.94** 1 ! 22.94 ±0.50** 251.88 ±0.63** 140.94 ±0.58** 
BSll (5-S,) ALI -0.01 ±0.34 -0.32 ±0.44 -1.39 ±0.38** 
DLI -1.21 ±0.44** -0.56 ±0.56 -1.43 ±0.50** 
DQI 0.07 ±0.06 -0.30 ±0.08 0.08 ±0.07 
2(ALI+DLI)t -2.44 ±0.52 -1.76 ±0.65** -5.64 ±0.60** 
BSl 1(10-S,) ALI -0.72 ±0.34 -0.18 ±0.44 -1.10 ±0.38** 
DLI -0.72 ±0.44 -0.86 ±0.56 -1.64 ±0.50** 
DQI 0.06 ±0.06 -0.36 ±0.08 -0.04 ±0.07 
2(ALI+DLI)t -2.88 ±0.52** -2.09 ±0.65 -5.48 ±0.60** 
BS11(20-S,) ALI -0.64 ±0.34 -2.56 ±0.44 -1.98 ±0.38** 
DLI -0.87 ±0.44* -1.00 ±0.56 -1.71 ±0.50** 
DQI -0.01 ±0.06 -0.10 ±0.08 -0.04 ±0.07 
2(ALI+DLI)t -3.02 ±0.52** -7.12 ±0.65** -7.39 ±0.60** 
BSl 1(30-S,) ALI -0.55 ±0.43 -1.10 ±0.56* -1.53 ±0.48** 
DLI -0.57 ±0.54 -1.84 ±0.69** -1.74 ±0.61 ** 
DQI 0.02 ±0.06 0.13 ±0.08 0.20 ±0.07** 
2(ALI+DLI)t -2.24 ±0.52** -5.87 ±0.66** -6.54 ±0.60** 
BSl 1(5-S,) x BSl 1(10-S,) HQII' 0.01 ±0.05 -0.15 ±0.06** 0.14 ±0.06** 
BSl l(5-S,) x BSl 1(20-S,) HQ»' 0.02 ±0.05 0.04 ±0.06 0.15 ±0.06** 
BSl 1(5-S,) x BSl 1(30-S,) HQir 0.00 ±0.05 0.11 ±0.06 0.29 ±0.06** 
BSl 1(10-S,) x BSl 1(20-S,) HQII' 0.01 ±0.05 -0.05 ±0.06 0.06 ±0.06 
BSl 1(10-S,) x BSl 1(30-S,) HQ»' 0.03 ±0.05 -0.16 ±0.06** -0.00 ±0.06 
BSl K20-S,) x BSl 1(30-5.) HQII' 0.01 ±0.05 0.09 ±0.06 0.12 ±0.06* 
R2 0.9877 0.9997 0.9992 
*, ** Significant at 5% and 1% levels of probability, respectively. 
± Standard error. 
t Linear combination of genetic parameters after adjusting for genetic drift (DQI). 
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Table 4.3. Least square estimate of genetic parameters and their standard errors 
based on Smith (1983) model in the BSl I populations and their crosses 
for days to 50% pollen shed and silk, and ASI. 
Genetic Days to 50% 
Population Parameter Pollen Shed Silk ASI 
BSl ICO AOI 83.95 ±0.21** 90.03 ±0.49 ** 6.08 ±0.45 
DOI -1.33 ±0.14** -2.32 ±0.26 -1.02 ±0.23 
(AOI+2DOI)t 81.29 ±0.11** 85.40 ±0.12** 4.04 ±0.04** 
BSll (5-S,) ALI -0.35 ±0.05 * -0.38 ±0.11 ** -0.02 ±0.10 
DLI 0.05 ±0.08 -0.14 ±0.13 -0.13 ±0.11 
DQI 0.02 ±0.01 0.06 ±0.01 0.02 ±0.00 ** 
2(ALI+DLI)t -0.61 ±0.11** -1.05 ±0.12** -0.31 ±0.04** 
BS1K10-S,) ALI -0.23 ±0.05 * -0.42 ±0.11 ** -0.19 ±0.10 
DLI -0.02 ±0.08 -0.24 ±0.13 -0.17 ±0.11 
DQI 0.01 ±0.01 0.06 ±0.01** 0.05 ±0.00** 
2(ALI+DLI)t -0.51 ±0.11** -1.32 ±0.12** -0.73 ±0.04 ** 
BSl 1(20-S,) ALI -0.59 ±0.05 * -0.79 ±0.11** -0.20 ±0.10 
DLI 0.06 ±0.08 0.01 ±0.13 -0.04 ±0.11 
DQI 0.02 ±0.01 0.07 ±0.01 0.04 ±0.00 * 
2(ALI+DLI)t -1.05 ±0.11** -1.56 ±0.12** -0.46 ±0.04 
BSl 1(30-S,) ALI -0.36 ±0.06** -0.67 ±0.15** -0.31 ±0.13* 
DLI -0.14 ±0.09 -0.05 ±0.16 0.12 ±0.14 
DQI 0.03 ±0.01 * 0.06 ±0.01 0.03 ±0.00 
2(ALI+DLl)t -1.01 ±0.11 ** -1.43 ±0.12** -0.37 ±0.04 ** 
BSl 1(5-S,) x BSl 1(10-S,) HQII' -0.01 ±0.01 0.03 ±0.01 * 0.02 ±0.00 
BSl l(5-S,)x BSl 1(20-5,) HQII' 0.01 ±0.01 0.04 ±0.01** 0.02 ±0.00 
BSl 1(5-S,) x BSl l(30-Si) HQir 0.01 ±0.01 0.04 ±0.01** 0.02 ±0.00** 
BSl l(10-S,) x BSl 1(20-S,) HQir -0.0l±0.01 0.05 ±0.01 0.05 ±0.00 
BSl 1( 10-S,) x BSl 1(30-S,) HQir -0.00 ±0.01 0.04 ±0.01 0.04 ±0.00 
BSl 1(20-S|) x BSl 1(30-S,) HQir 0.02 ±0.01 * 0.05 ±0.01 0.03 ±0.00** 
R2 1.0000 0.9999 0.9823 
*, ** Significant at 5% and 1% levels of probability, respectively. 
± Standard error. 
t Linear combination of genetic parameters after adjusting for genetic drift (DQI). 
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Table 4.4. Observed and predicted means across six environments for grain yield, grain 
moisture, and root lodging of populations per se, BSl ICO x CI of populations, 
diallel cross among CO, C3, and C5 of populations, and populations selfs. 
Grain Root 
Population Yield (Mg ha"') Moisture (%) Lodging (%) 
Observed Predicted Observed Predicted Observed Predicted 
BSl ICO 4.42 4.35 257.09 254.91 3.19 3.28 
BSll (5-S,)C1 4.05 4.46 248.23 250.98 5.99 3.05 
BSl 1(5-S,)C2 4.26 4.48 234.50 247.67 3.10 2.75 
BSl 1(5-S,)C3 3.96 4.41 257.24 244.98 2.60 2.39 
BSll (5-S,)C4 3.86 4.26 258.17 242.91 3.17 1.97 
BSl l(5-S,)C5 4.27 4.02 228.26 241.46 0.83 1.47 
BSl 1(10-S,)C1 4.34 4.69 245.90 248.35 3.07 2.84 
BSl I(I0-S,)C2 4.99 4.91 239.36 240.44 3.42 2.33 
BSl 1(10-S,)C3 4.78 5.00 241.05 231.18 2.12 1.75 
BSl l(10-S,)C4 4.94 4.97 224.01 220.57 1.73 1.09 
BSll(10-S,)C5 4.81 4.81 206.96 208.61 0.00 0.37 
BSl 1(20-S,)C1 4.91 4.64 247.60 249.18 1.78 2.41 
BSl 1(20-S,)C2 4.56 4.83 240.13 244.33 1.86 1.67 
BSl 1(20-S,)C3 4.83 4.91 237.10 240.36 0.27 1.05 
BSl 1(20-S,)C4 4.94 4.88 236.88 237.26 0.26 0.55 
BSl 1(20-S,)C5 4.87 4.75 238.05 235.04 0.32 0.17 
BSl 1(30-S,)C1 4.52 4.73 247.75 249.95 4.58 2.77 
BSl 1(30-S,)C2 4.85 5.02 240.76 244.52 4.51 2.32 
BSl l(30-S,)C3 5.07 5.20 238.29 238.61 1.46 1.91 
BSl 1(30-S, )C4 5.15 5.30 235.90 232.24 1.65 1.56 
BSl 1(30-S,)C5 5.48 5.29 224.41 225.40 1.31 1.26 
BSl ICO x BSl 1(5-5,)C1 4.36 4.43 249.61 252.79 1.91 3.18 
BSl ICO x BSll (5-S,)C3 523 4.58 248.64 248.56 3.47 2.98 
BSl ICO x BSl 1(5-S,)C5 4.80 4.73 235.68 244.32 0.98 2.79 
BSl ICO x BSl 1(10-5,)C1 4.40 4.55 254.00 251.97 3.63 3.08 
BSl ICO x BSl 1(10-5,)C3 4.91 4.96 240.89 246.08 1.71 2.68 
BSl ICO x BSl 1(10-5,)C5 5.46 5.36 235.96 240.20 2.25 2.27 
BSl ICO x BSl 1(20-S|)C1 4.67 4.52 245.35 251.83 2.09 2.82 
BSl ICO x BSl 1(20-5,)C3 4.81 4.87 246.17 245.66 2.52 1.89 
BSl ICO x BSl 1(20-S,)C5 4.93 5.21 235.64 239.49 1.54 0.96 
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Table 4.4. (continued) 
Grain Root 
Population Yield (Mg ha*1) Moisture (%) Lodging (%) 
Observed Predicted Observed Predicted Observed Predicted 
BSl ICO x BSl 1(30-S|)C1 4.26 4.57 252.37 252.55 1.53 3.01 
BSl ICO x BSl 1(30-S|)C3 5.59 4.99 248.90 247.82 1.71 2.48 
BSl ICO x BSl 1(30-S,)C5 5.33 5.42 240.60 243.09 1.40 1.95 
BSl 1(5-S,)C3 x BSl 1(5-S,)C5 4.52 4.30 245.65 242.60 2.17 2.00 
BSl 1(5-S,)C3 x BSl 1(10-S|)C3 5.70 5.27 246.61 238.31 1.47 1.82 
BSl l(5-S,)C3 x BSl 1(I0-S,)C5 5.77 5.74 236.76 231.49 1 .11  1.04 
BSl 1(5-S,)C3 x BSl I(20-S,)C3 5.39 5.08 250.68 241.43 1.99 1.51 
BSl 1(5-S,)C3 x BSl 1(20-S,)C5 527 5.41 246.63 236.68 0.71 0.52 
BSl 1(5-S,)C3 x BSl 1(30-S|)C3 5.35 5.22 244.66 240.37 1.22 1.97 
BSl 1(5-S,)C3 x BSl 1(30-S,)C5 5.42 5.65 242.21 234.92 1.33 1.29 
BSl 1(5-S,)C5 x BSl 1(10-S,)C3 5.40 5.49 234.35 233.13 1.13 1.25 
BSl 1(5-S,)C5 x BSl 1(10-S,)C5 5.87 5.99 218.80 225.68 0.37 022 
BSl 1(5-S,)C5 x BSl 1(20-S,)C3 5.19 5.21 233.59 238.61 0.02 1.25 
BSl 1(5-S,)C5 x BSl 1(20-S|)C5 5.52 5.54 228.51 234.80 0.67 0.22 
BSl 1(5-S,)C5 x BSl 1(30-S,)C3 5.55 5.37 234.26 235.41 1.20 1.63 
BSl 1(5-S,)C5 x BSl 1(30-S,)C5 5.78 5.80 22424 229.47 1.35 0.85 
BSl 1(10-S,)C3 x BSl 1(10-S,)C5 5.23 5.03 216.97 221.24 0.74 1.13 
BSl 1(10-S|)C3 x BSl 1(20-S,)C3 5.16 5.24 231.76 236.27 0.92 1.32 
BSl 1(10-S,)C3 x BSl 1(20-S,)C5 5.50 5.43 232.02 229.74 0.57 0.42 
BSl l(10-S,)C3 x BSl 1(30-S,)C3 5.46 5.35 237.16 234.58 1.26 1.69 
BSl 1(I0-S,)C3 x BSl 1(30-S,)C5 5.54 5.61 228.08 226.92 1.10 1.03 
BSl 1(10-S|)C5 x BSl 1(20-S,)C3 5.29 5.49 227.32 230.02 0.46 0.94 
BSl 1(I0-S,)C5 x BSl 1(20-S,)C5 5.69 5.58 225.11 223.23 0.40 0.06 
BSl 1(10-5,)C5 x BSl 1(30-S,)C3 5.56 5.59 223.27 225.76 0.81 1.16 
BSl 1(10-5,)C5 x BSl 1(30-S,)C5 5.75 5.74 216.00 216.13 0.73 0.41 
BSl 1(20-S,)C3 x BSl 1(20-S,)C5 4.92 4.94 235.94 236.82 0.64 0.48 
BSl 1(20-5,)C3 x BSl 1(30-S,)C3 5.66 5.32 238.34 241.07 1.10 1.23 
BSl 1(20-5,)C3 x BSl 1(30-S,)C5 5.50 5.62 233.81 238.01 0.99 0.80 
BSl 1(20-S,)C5 x BSl 1(30-S,)C3 5.75 5.54 244.99 236.57 0.33 0.40 
BSl 1(20-5,)C5 x BSl 1(30-S,)C5 5.58 5.75 233.07 234.62 0.00 0.03 
BSl l(30-S,)C3 x BSl 1(30-S,)C5 5.38 5.34 232.21 243.12 1.10 1.53 
105 
Table 4.4. (continued) 
Grain Root 
Population Yield (Mg ha*') Moisture (%) Lodging (%) 
Observed Predicted Observed Predicted Observed Predicted 
BSl ICO S, 2.92 3.02 241.11 243.12 1.83 2.73 
BS11(5-S,)CI S, 3.11 3.12 231.56 239.14 5.59 2.47 
BSl 1(5-S,)C2 Si 2.96 3.18 224.17 235.47 3.59 2.18 
BSl 1(5-S[)C3 S, 2.98 3.19 243.67 232.10 1.63 1.86 
BSl 1(5-S,)C4 S, 3.16 3.15 246.22 229.05 1.09 1.50 
BSl 1(5-S,)C5 S, 3.28 3.08 211.67 226.31 0.40 1.12 
BSl 1(10-S,)C1 S, 3.22 3.33 237.61 238.15 2.44 2.45 
BSl 1(10-S,)C2 S, 3.71 3.57 237.94 232.50 2.86 2.13 
BSl 1(10-S,)C3 S, 3.80 3.75 233.28 226.17 2.12 1.77 
BSll(10-S,)C4S, 3.80 3.86 222.44 219.18 0.93 1.38 
BS11(10-S,)C5S, 3.90 3.92 202.56 211.50 0.81 0.96 
BSl 1(20-S|)C1 S, 3.72 3.32 235.06 238.51 0.52 1.96 
BSl 1(20-S,)C2 S, 3.72 3.56 238.33 234.34 1.32 1.26 
BSl 1(20-S,)C3 S, 3.80 3.75 231.33 230.61 0.27 0.61 
BSl 1(20-S,)C4 S, 3.70 3.88 229.22 227.32 0.00 0.03 
BS1I(30-S,)CI S, 3.60 3.37 248.44 240.71 3.83 2.25 
BSl 1(30-S,)C2 S, 3.78 3.66 238.78 238.07 2.28 1.79 
BSl 1(30-S,)C3 S, 3.81 3.91 235.28 235.19 0.54 1.36 
BSI1(30-S,)C4S, 4.06 4.11 229.72 232.08 0.94 0.96 
BSl 1(30-S,)C5 S, - 4.26 - 228.73 - 0.58 
- Data discarded because the entry was the same as BSl ICO. 
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Table 4.5. Observed and predicted means across six environments for stalk lodging, plant 
Height, and ear height of populations per se, BS1 ICO x C1 of populations, 
diallel cross among CO, C3, and C5 of populations, and populations per se 
selfs. 
Stalk Height (cm) 
Population Lodging (%) Plant Ear 
Observed Predicted Observed Predicted Observed Predicted 
BSl ICO 21.54 22.94 252.95 251.88 143.08 140.94 
BSl 1(5-S,)C1 19.82 20.63 242.93 249.53 127.03 135.46 
BSll (5-S,)C2 22.09 18.60 238.69 246.00 126.20 130.30 
BSll (5-S,)C3 17.30 16.83 242.26 241.28 124.08 125.46 
BSl 1(5-S,)C4 17.03 15.34 241.74 235.38 124.07 120.95 
BSll(5-S,)C5 14.30 14.11 226.35 228.30 117.14 116.75 
BSl 1(10-S,)C1 26.83 20.19 248.69 249.08 133.12 135.38 
BSl 1(10-S,)C2 21.72 17.69 244.27 244.85 132.25 129.65 
BSl 1(10-S,)C3 14.48 15.44 246.43 23920 128.27 123.76 
BSl 1(I0-S,)C4 14.35 13.45 235.66 232.13 120.01 117.71 
BSl 1(10-S,)C5 11.19 11.70 22221 223.64 112.12 111.49 
BSl 1(20-S,)C1 18.37 19.91 240.35 244.56 130.19 133.47 
BSl 1(20-S,)C2 19.57 16.85 233.78 236.84 125.70 125.83 
BSl 1(20-S,)C3 11.62 13.76 227.16 228.72 119.48 118.02 
BSl 1(20-S,)C4 10.63 10.65 217.16 220.21 107.29 110.06 
BSl 1(20-S,)C5 7.53 7.50 214.59 211.29 105.42 101.92 
BSl 1(30-S,)C1 24.01 20.73 247.63 246.27 134.83 134.80 
BSl 1(30-S,)C2 20.64 18.61 237.59 241.17 127.86 129.47 
BSl 1(30-S ,)C3 16.03 16.57 234.31 236.58 123.06 124.94 
BSl 1(30-S,)C4 15.90 14.60 232.72 232.50 119.10 121.22 
BSl 1(30-S,)C5 12.97 12.72 230.85 228.93 121.18 118.31 
BSl ICO x BSl 1(5-S,)C1 23.03 21.72 254.52 251.00 136.10 138.12 
BSl ICO x BSl l(5-S,)C3 18.15 19.28 254.26 249.25 137.40 132.48 
BSl ICO x BSl 1(5-S,)C5 15.54 16.84 247.03 247.49 131.92 126.84 
BSl ICO x BSl 1(10-S,)C1 23.90 21.50 255.88 250.84 139.30 138.20 
BSl ICO x BSl 1(10-S,)C3 16.80 18.62 246.51 248.74 128.54 132.72 
BSl ICO x BSl 1(10-S,)C5 13.97 15.75 247.76 246.65 129.85 127.24 
BSl ICO x BSl 1(20-S,)C1 22.05 21.43 243.86 248.32 132.69 137.25 
BSl ICO x BSl 1(20-S,)C3 17.48 18.41 242.44 241.20 129.27 129.85 
BSl ICO x BSl l(20-S,)C5 14.50 15.40 237.94 234.08 124.74 122.46 
107 
Table 4.5. (continued) 
Stalk Height (cm) 
Population Lodging (%) Plant Ear 
Observed Predicted Observed Predicted Observed Predicted 
BSl ICO x BSl 1(30-S,)C1 23.87 21.82 248.29 248.95 137.99 137.67 
BSl ICO x BSl 1(30-S,)C3 18.40 19.57 243.09 243.08 129.68 131.13 
BSl ICO x BSl 1(30-S,)C5 15.88 17.33 234.91 237.21 123.92 124.59 
BSl 1(5-S,)C3 x BSl 1(5-S,)C5 12.65 1520 235.86 235.97 119.53 120.79 
BSl 1(5-S,)C3 x BSl 1(10-S,)C3 12.89 15.10 251.08 243.38 132.59 126.75 
BSl 1(5-S,)C3 x BSl 1(10-S,)C5 9.40 12.31 234.18 239.48 116.21 122.94 
BSl 1(5-S,)C3 x BSl 1(20-S,)C3 14.92 15.06 239.70 239.31 121.62 124.15 
BSl 1(5-S,)C3 x BSl 1(20-S,)C5 12.21 12.25 237.70 232.68 122.34 118.60 
BSl 1(5-S|)C3 x BSl 1(30-S|)C3 17.51 15.97 242.96 242.39 125.40 127.87 
BSl 1(5-S,)C3 x BSl I(30-S,)C5 13.05 13.76 247.41 237.82 133.71 124.79 
BSl 1(5-S|)C5 x BSl 1(10-S,)C3 14.77 12.75 241.99 239.81 124.24 122.78 
BSl 1(5-S,)C5 x BSl 1(10-S,)C5 11.34 10.02 233.80 234.70 121.12 120.07 
BSl l(5-S,)C5 x BSl 1(20-S,)C3 12.25 12.83 232.83 238.04 117.04 120.35 
BSl 1(5-S,)C5 x BSl 1(20-S,)C5 10.58 10.16 231.73 231.75 116.67 116.02 
BSl 1(5-S,)C5 x BSl 1(30-S,)C3 11.87 13.56 234.67 241.93 119.37 125.69 
BSl 1(5-S,)C5 x BSl 1(30-S,)C5 12.25 11.37 236.63 238.23 124.26 124.93 
BSl 1(10-S,)C3 x BSl 1(10-S,)C5 12.07 13.32 230.00 232.84 113.61 117.79 
BSl 1(10-S,)C3 x BSl 1(20-S,)C3 14.82 14.24 235.66 237.23 123.29 122.70 
BSl 1(10-S|)C3 x BSl 1(20-S,)C5 11.01 11.31 235.43 229.55 118.30 116.02 
BSl 1(10-S,)C3 x BSl 1(30-S,)C3 15.91 15.74 235.22 237.04 121.18 122.85 
BSl 1(I0-S,)C3 x BSl 1(30-S,)C5 14.04 13.82 232.08 229.24 118.13 116.26 
BSl 1(10-S,)C5 x BSl 1(20-S,)C3 13.15 11.45 226.22 234.58 113.79 117.93 
BSl 1(10-S,)C5 x BS11(20-S,)C5 7.54 8.59 228.58 226.53 112.62 111.72 
BSl 1(10-S|)C5 x BSl 1(30-S,)C3 13.36 13.19 226.09 233.01 112.42 117.33 
BSl 1(10-S,)C5 x BSl 1(30-S,)C5 11.19 11.48 227.02 223.92 113.14 110.71 
BSl l(20-S,)C3 x BSl 1(20-S,)C5 11.80 10.66 219.42 220.41 107.23 110.14 
BSl 1(20-S,)C3 x BSl 1(30-S|)C3 15.46 15.13 227.96 234.02 118.82 122.16 
BSl 1(20-S,)C3 x BSl 1(30-S,)C5 12.04 12.95 233.89 22923 120.00 117.03 
BSl 1(20-S|)C5 x BSl 1(30-S,)C3 13.28 12.17 226.83 227.97 115.22 116.18 
BSl 1(20-S,)C5 x BSl 1(30-S,)C5 9.79 10.03 223.97 223.90 112.00 112.00 
BSl 1(30-S,)C3 x BSl 1(30-S,)C5 12.64 14.56 231.12 232.25 120.16 120.82 
108 
Table 4.5. (continued) 
Stalk Height (cm) 
Population Lodging (%) Plant Ear 
Observed Predicted Observed Predicted Observed Predicted 
BSl ICO S, 14.95 16.55 209.69 214.29 113.34 116.18 
BSl 1(5-S,)C1 S, 17.61 15.39 21822 212.79 113.23 112.04 
BSl 1(5-S,)C2 Si 17.51 14.37 210.99 210.70 106.77 108.07 
BSll (5-S,)C3 S, 11.58 13.48 209.59 208.02 102.25 104.25 
BSll (5-S,)C4S, 14.77 12.73 21123 204.75 106.14 100.60 
BSl 1(5-S,)C5 S, 9.91 12.11 193.57 200.89 94.16 97.11 
BSl 1 ( 10-S,)C 1 S, 12.45 14.46 223.33 212.70 115.67 11229 
BSl 1(10-S,)C2 S, 12.34 12.49 212.91 210.41 110.63 108.33 
BSl 1(10-S|)C3 S, 8.94 10.66 21422 207.40 112.65 10428 
BSl 1(10-S,)C4 S, 12.11 8.94 204.34 203.68 101.10 100.15 
BSl 1(10-S,)C5 S, 6.31 7.35 191.51 199.25 88.56 95.94 
BSl 1(20-S,)C1 S, 16.22 14.40 202.87 208.07 106.08 110.46 
BS11(20-S,)C2S, 16.05 12.23 205.58 201.64 115.52 104.65 
BSl 1(20-S,)C3 S, 8.10 10.05 194.17 195.02 95.81 98.77 
BSl l(20-S,)C4 S, 7.59 7.86 181.74 188.20 89.85 92.80 
BSl 1(20-S,)C5 S, 5.14 5.65 186.31 181.18 87.42 86.75 
BSl 1(30-S,)CI S, 16.29 14.90 214.75 210.39 113.47 111.58 
BSl 1(30-S,)C2 S, 15.18 13.28 207.25 206.74 108.86 107.39 
BSl 1(30-S,)C3 S, 11.54 11.71 199.31 203.35 103.03 103.60 
BSl 1(30-S,)C4 S, 9.00 10.17 201.91 200.22 99.42 100.21 
BSl 1(30-S,)C5 S, - 8.68 - 197.34 - 97.22 
- Data discarded because the entry was the same as BS 11 CO. 
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Table 4.6. Observed and predicted means across six environments for days to 50% pollen 
shed and silk, and ASI of populations per se, BSl ICO x CI of populations, 
diallel cross among CO, C3, and C5 of populations, and populations per se selfs. 
Pays to 50% Days 
Population Pollen Shed Silk ASI 
Observed Predicted Observed Predicted Observed Predict 
BSl ICO 81.69 81.29 86.10 85.40 4.41 4.04 
BSll (5-S,)C! 80.83 80.73 83.14 84.47 2.31 3.78 
BS11(5-S,)C2 79.53 8026 82.97 83.79 3.44 3.61 
BSll (5-S ,)C3 81.24 79.88 85.35 83.37 4.11 3.52 
BSl 1(5-S,)C4 79.60 79.60 83.28 83.18 3.68 3.53 
BSll (5-S, )C5 79.38 79.40 82.73 83.25 3.34 3.62 
BSl 1(10-S,)C1 81.05 80.80 83.61 84.20 2.56 3.41 
BS11(10-S,)C2 80.04 80.35 83.39 8327 3.35 2.95 
BSl 1(10-S,)C3 80.14 79.93 82.89 82.60 2.75 2.68 
BS11(10-S,)C4 80.81 79.55 83.10 82.18 2.30 2.60 
BSH(lO-SJC5 78.62 79.21 81.56 82.02 2.94 2.69 
BS11(20-S,)C1 80.31 8028 82.96 83.97 2.65 3.66 
BSl 1(20-S,)C2 79.03 79.37 82.12 82.82 3.09 3.44 
BSl 1(20-S,)C3 77.77 78.55 81.23 81.93 3.46 3.38 
BS1I(20-S,)C4 77.69 77.83 80.88 81.31 3.19 3.48 
BSl 1(20-S,)C5 77.49 77.20 81.75 80.96 4.26 3.74 
BSl 1(30-S,)C1 80.73 80.33 82.71 84.09 1.98 3.73 
BSII(30-S,)C2 79.38 79.48 82.98 83.02 3.59 3.54 
BSII(30-S,)C3 78.27 78.73 82.30 82.19 4.04 3.46 
BSl l(30-S,)C4 77.74 78.09 8121 81.59 3.47 3.49 
BS1I(30-S,)C5 77.80 77.55 81.31 81.23 3.51 3.65 
BSIlC0xBSll(5-S,X:l 80.44 80.99 84.34 84.87 3.90 3.89 
BSl ICO x BSl 1(5-S,)C3 80.69 80.38 84.37 83.82 3.68 3.58 
BSl ICO x BSl 1(5-S,)C5 79.04 79.77 82.47 82.77 3.43 3.27 
BSl ICO x BSl 1(10-S,)C1 80.81 81.04 84.71 84.74 3.90 3.68 
BSl ICO x BSl l(10-S,)C3 79.74 80.53 82.43 83.41 2.69 2.95 
BSIlCOxBSll(IO-S,)C5 80.33 80.02 82.46 82.09 2.14 2.23 
BSl ICO x BSll(20-Si)Cl 79.45 80.76 82.93 84.62 3.48 3.81 
BSl ICO x BSl 1(20-S,)C3 79.65 79.71 83.11 83.06 3.46 3.35 
BSl ICO x BSl 1(20-S,)C5 79.08 78.66 82.35 81.50 3.27 2.88 
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Table 4.6. (continued) 
Pays to 50% Pays 
Population Pollen Shed Silk ASI 
Observed Predicted Observed Predicted Observed Predict 
BSl ICO x BSl l(30-Si)Cl 80.00 80.79 84.41 84.68 4.41 3.86 
BSllCOxBSll(30-S,)C3 79.41 79.78 82.77 8326 3.36 3.49 
BSllC0xBSll(30-S,)C5 79.14 78.77 82.51 81.83 3.37 3.12 
BSl 1(5-S,)C3 x BSl 1(5-S,)C5 79.52 79.55 83.09 83.06 3.57 3.48 
BSl 1(5-S,)C3 x BSl 1(10-S,)C3 80.12 79.43 82.64 82.30 2.51 2.93 
BSl l(5-S,)C3 x BSl 1(10-S,)C5 78.81 78.80 81.81 8128 3.00 2.50 
BSl 1(5-S,)C3 x BSl 1(20-S,)C3 78.41 78.93 81.92 82.14 3.51 3.25 
BSl l(5-S,)C3 x BSl l(20-S,)C5 78.83 77.97 82.34 81.02 3.51 3.03 
BSl 1(5-S,)C3 x BSl 1(30-S,)C3 79.89 79.10 82.59 82.45 2.70 3.40 
BSl 1(5-S,)C3 x BSl l(30-S,)C5 78.74 78.25 82.03 81.53 329 3.27 
BSl 1(5-S,)C5 x BSl 1(I0-S,)C3 79.00 78.70 82.28 81.56 3.28 2.92 
BSl 1(5-S,)C5 x BSl 1(10-S,)C5 77.55 77.99 79.87 80.75 2.33 2.69 
BSl 1(5-S,)C5 x BSl 1(20-S|)C3 77.31 78.42 80.72 81.53 3.41 3.19 
BSl 1(5-S,)C5 x BSl 1(20-S,)C5 77.85 77.51 80.48 80.70 2.62 3.13 
BSl 1(5-S,)C5 x BSl 1(30-S|)C3 78.02 78.65 81.18 81.91 3.17 3.34 
BSl 1(5-S,)C5 x BSl l(30-S,)C5 77.70 77.90 81.42 81.33 3.72 3.38 
BSl 1(10-5,)C3 x BSl 1(I0-S,)C5 79.48 79.53 81.80 82.05 2.32 2.50 
BSl 1(I0-S,)C3 x BSl 1(20-5,)C3 78.75 78.85 81.51 81.90 2.76 3.08 
BSl 1(10-S,)C3 x BSl 1(20-5,)C5 78.25 77.72 81.49 80.89 324 3.16 
BSl I(10-S,)C3 x BSl 1(30-S,)C3 78.64 78.93 81.83 81.98 3.19 3.08 
BSl 1(10-S,)C3 x BSl 1(30-S,)C5 78.39 77.86 81.70 81.02 3.32 3.16 
BSl 1(10-S,)C5 x BSl 1(20-S,)C3 77.11 78.27 80.35 81.13 3.24 2.90 
BSl 1(10-S,)C5 x BSl 1(20-5,)C5 77.52 77.10 80.73 80.48 3.21 3.34 
BSl 1( 10-S,)C5 x BSl 1(30-5,)C3 77.79 78.37 81.14 81.13 3.35 2.80 
BSl 1(10-S,)C5 x BSl 1(30-5,)C5 77.40 77.26 80.12 80.48 2.72 3.18 
BSl 1(20-S,)C3 x BSl 1(20-5,)C5 77.95 77.78 80.90 81.18 2.95 3.40 
BSl I(20-S,)C3 x BSl 1(30-5,)C3 77.84 78.58 80.94 81.87 3.10 329 
BSl 1(20-S,)C3 x BSl 1(30-5,)C5 77.24 77.83 80.73 81.07 3.50 3.25 
BSl 1(20-5,)C5 x BSl 1(30-5,)C3 78.33 77.79 81.93 80.94 3.60 3.16 
BSl 1(20-S,)C5 x BSl 1(30-5,)C5 77.51 77.21 80.51 80.56 2.99 3.34 
BSl 1(30-5,)C3 x BSl 1(30-5,)C5 78.30 78.04 81.75 81.47 3.45 3.44 
I l l  
Table 4.6. (continued) 
Days to 50% Days 
Population Pollen Shed Silk ASI 
Observed Predicted Observed Predicted Observed Predicted 
BS1IC0S, 82.58 82.62 87.79 87.71 5.21 5.06 
BSl I(5-S,)C1 S, 82.17 81.99 86.67 86.87 4.50 4.91 
BS11(5-S,)C2S, 80.83 81.41 85.00 86.14 4.17 4.80 
BSl 1(5-S,)C3 S, 82.17 80.87 87.83 85.54 5.67 4.73 
BSl 1(5-S|)C4 S, 81.00 80.37 86.33 85.07 5.33 4.71 
BS11(5-S,)C5S, 78.83 79.92 82.83 84.72 4.00 4.73 
BSl 1(10-S|)C1 S, 82.33 82.15 87.33 86.69 5.00 4.56 
BSl 1(10-S|)C2 S, 81.33 81.69 84.83 85.81 3.50 4.14 
BS11(I0-S,)C3 S, 81.83 81.26 86.67 85.05 4.83 3.82 
BSl 1(10-S|)C4 S, 81.50 80.84 85.50 84.41 4.00 3.58 
BSl 1(10-S,)C5 S, 79.67 80.44 82.33 83.91 2.67 3.44 
BSl 1(20-S|)C1 S, 80.33 81.53 84.33 86.21 4.00 4.68 
BSl 1(20-S|)C2 S, 80.83 80.48 84.83 84.85 4.00 4.37 
BS11(20-S,)C3 S, 79.50 79.48 84.00 83.62 4.50 4.14 
BS11(20-S,)C4S, 79.00 78.53 82.17 82.52 3.17 4.00 
BSl 1(20-S|)C5 S, 77.33 77.62 82.00 81.56 4.67 3.93 
BSl 1(30-S,)C1 S, 82.00 81.78 86.83 86.39 4.83 4.60 
BSll(30-S,)C2S, 80.50 80.99 85.00 85.19 4.50 4.20 
BS11(30-S,)C3 S, 80.83 80.26 83.17 84.11 2.33 3.85 
BSl 1(30-S|)C4 Si 79.33 79.57 83.83 83.14 4.50 3.57 
BS11(30-S,)C5 S, - 78.94 - 82.30 - 3.34 
- Data discarded because the entry was the same as BS 11 CO. 
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Table 4.7. Observed mean grain yield (Mg ha"1) across six environments for the diallel crosses 
among CO, C3, and C5 of the BSl 1 populations and their selfs. 
BSl l  Popu la t ion  
Population CO (S-S,)C3 (5-S,)CS (10-S,)C3 (10-S,)CS (20-S,)C3 (20-S,)CS (30-S,)C3 (30-S,)C5 
CO 4.42' 
[2.92]b 
(5-S|)C3 523 3.96 4.52 5.70 5.77 5.39 5.27 5.35 5.42 
[2.98]= 
(5-S,)C5 4.80 4.27 5.40 5.87 5.19 5.52 5.55 5.78 
[3.28] 
(10-S,)C3 4.91 4.78 523 5.16 5.50 5.46 5.54 
[3.80] 
(10-S|)C5 5.46 4.81 5.29 5.69 5.56 5.75 
[3.90] 
(20-S,)C3 4.81 4.83 4.92 5.66 5.50 
[3 80] 
(20-S,)C5 4.93 4.87 5.75 5.58 
[3.93] 
(30-S,)C3 5.59 5.07 5.38 
[3.81] 
(30-S,)C5 5.33 5.48 
LJ 
a Mean of duplicated entry with standard error of S.E./8""2 for BS 1 ICO. 
b Mean of duplicated entry with standard error of S.E./4*I/2 for BSl 1C0 selfed. 
c Lower values are means for selfed populations. 
[ - ] Data discarded because the entry was the same as BSl 1C0. 
113 
There was significant DQI that lead to reduction in days to mid-silk and ASI in 20-Si 
and in 5-Si, and ear height, days to mid-pollen shed, days to mid silk, and ASI in 30-Si. The 
significant DQI for silking in 30-S; indicates the effects of genetic drift that decreased the 
number of days to mid-silk. The non-significant DQI in the populations suggest that the 
effects of genetic drift did not affect the traits in a significant way. Probably the model was 
not sensitive-enough to detect small changes in allelic frequencies that may occur in the 
populations. 
The ALI was significant and negative in 30-Si and all the rest of populations for ear 
height, mid-pollen shed, and mid-silk. Populations 30-S; and 20-Si showed significant and 
negative ALI effects for days to mid-silk suggesting the population became earlier by 
eliminating unfavorable alleles with additive effects. 
Significant HQII' is described as the existence of substantial changes in allelic 
frequencies with dominance effects in the populations cross. The HQII' was positive and 
significant for grain moisture, ear height, and mid-pollen shed in 20-Si x 30-S,. For mid-silk 
and days to ASI the HQII' was positive and significant when 5-Si was crossed to 10-Si, 20-
S|, and 30-Si, 10-Si crossed to 20-Si and 30-Si, and 20-S| crossed to 30-Si. Significantly 
negative HQII' was observed for grain yield when 10-Si was crossed to 20-S, and 30-S,, and 
when 20-Si was crossed to 30-Si, for grain moisture when 10-Si was crossed to 30-Si, and 
when 20-Si was crossed to 30-Si. These indicate the existence of directional dominance for 
the traits. When the frequencies of allelic change are small the cross did not show 
significance for most of the traits. 
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Direct Response 
The term 2(ALI + DLI) is the direct response per cycle in populations per se after 
adjusting for the genetic drift. The highest realized gain of grain yield was 0.43 Mg ha*1 
obtained in 30-S; followed by 10-Si with 0.40 Mg ha"1. Population 5-Si showed the least 
direct response (0.5 Mg ha"1) to the Si selection as the result of inbreeding effects. To 
overcome the problem of inbreeding effect larger population sizes might be necessary. Our 
results are in agreement with the suggestions made by Keeratinijakal (1990 Ph.D. 
Dissertation). His recommendation was to use more than 20 lines for intermating in each 
cycle of selection to minimize the inbreeding effects. Selection tended to decrease the 
frequency of unfavorable alleles faster in the 20-S, than in the other selection programs for 
all the agronomic traits. 
The direct effect 2(ALI + DLI) was significant for grain yield, grain moisture, stalk 
lodging, plant height, ear height, days to mid-pollen shed, days to mid-silk, and ASI in all the 
four programs. For root lodging significant direct effect was in 20-S% and 30-S, programs. 
Except for grain yield, root lodging, plant height, and ASI the genetic gain due to 
alleles with additive and dominance effects in 5-S, were significant for the rest of the 
agronomic traits. 
Conclusions 
For grain yield and other agronomic traits the AOI genetic effects were greater than 
that of DOI in the BS11C0 population. This suggests that the original BS11 population had 
more favorable effect due to additive than due to that of dominance. 
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The Sprogeny selection method effectively increased favorable alleles due to 
additive whereas the contribution due to that of dominance was not significant. All the four 
effective population sizes had negative and significant DQI effects indicating inbreeding due 
to genetic drift was affecting the improvement of the populations. 
As the effective population size increased from 5 to 30 the estimate of favorable 
alleles due to additive (ALI) seemed to increase suggesting that larger population sizes are 
more likely to contain more loci with favorable alleles for selection than the smaller 
population sizes. 
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CHAPTER 5. GENERAL CONCLUSIONS 
Five cycles of selection of four effective population sizes were completed using Si-
progeny selection in the BS11 maize population. The selection intensity was 20% in all the 
effective population sizes. 
The Si recurrent selection effectively increased grain yield and successfully improved 
other agronomic traits. The S| selection was important in eliminating undesirable recessive 
alleles and accumulating favorable alleles. Recurrent selection schemes do not create new 
alleles per se but they are mechanisms for creating new genie combinations and increasing 
frequency of favorable alleles (Hallauer and Sears, 1972). 
Except in 5-Si, which may have been affected by inbreeding as a result of genetic 
drift significant and positive improvement for grain yield was observed in the populations per 
se and populations top-crosses. Grain moisture, root lodging, stalk lodging, plant height, ear 
height, days to mid-silk, days to mid-pollen shed, and ASI improved in the desired direction 
in all the populations. The populations essentially became shorter in plant stature, earlier 
maturing, and more tolerant to stalk and root lodging relative to the original population. 
Population 30-Si performed significantly better than the others. As the selection 
programs advanced through just five cycles of selection the higher population sizes seemed 
to respond better in agronomic performance. Whether this trend will be persistent in favor of 
higher population sizes or not remains to be a question for further investigation. Probably 
higher population size may provide better results; however, the overall merits will be gauged 
against how much the program is resource efficient. 
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In general larger population sizes (30 and 20) showed loci with more favorable 
additive effects and had higher response to selection than the smaller population sizes. 
Population 5-Si did not show any significant allelic change due to either additive or 
dominance effect. 
Our results showed a change in rank in favor of higher effective population size. 
Perhaps this suggests that if the goals of a recurrent selection program are long-term it may 
be necessary to intermate 30 or more selected Si progenies. For improvement program of less 
than five cycles of selection 10 progenies can be used to a satisfactory level. If one has to use 
smaller population sizes in a long-term breeding strategies it may be necessary to consider to 
infuse novel variability into the populations from unrelated elite germplasm source in order 
to reconstitute the allelic forms which would have been lost due to genetic drift. 
In the long run we suggest it will be useful to evaluate more advanced cycles of 
selection to see which of the population sizes will perform better consistent in line with our 
recommendations. 
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APPENDIX A. SEQUENCE OF S,-PROGENY SELECTION 
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Table Al. Sequence of five cycles of Si-progeny selection in four effective 
population sizes in the BS11 maize population from 1979 to 1991. 
Effective Population Size 
Year 5 10 20t 30 
1979 Self Self Self 
1980 Yield trials Yield trials Yield trials 
1981 Recombine (CI) Recombine (CI) Recombine (CI) 
1982 Self Self Self 
1983 Yield trials Yield trials Yield trials 
1984 Recombine (C2) Recombine (C2) Recombine (C2) 
1985 Self Self Self 
1986 Yield trials Yield trials Yield trials 
1986-87 Recombine (C3) Recombine (C3) Recombine (C3) 
1987 Self Self Self 
1988 Yield trials Yield trials Yield trials 
1988-89 Recombine (C4) Recombine (C4) Recombine (C4) 
1989 Self Self Self 
1990 Yield trials Yield trials Yield trials 
1990-91 Recombine (C5) Recombine (C5) Recombine (C5) 
t Data for population size of 20 was obtained from the selection methods study 
conducted from 1977/78 to 1989. 
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APPENDIX B. DERIVATION OF GENETIC EXPECTATIONS 
AND THEIR DIFINITIONS 
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Derivation of Genetic Expectations (Parameters) 
The concept of least square regression is based on making the sum of squared 
deviations of vertical distance data points (in the Y-axis) from the regression line as small as 
possible (Steel et al., 1997, Eberhart, 1966). Genetic expectations of a population have a 
property of linear function. Therefore, the genetic parameters are estimated using Smith's 
(1983) model by least square method. The assumptions of the model include: Hardy-
Weinberg equilibrium, diploid inheritance, absence of epistatic effects, and use of large 
population size. If the effective population size is small (< 20) the change in gene frequency 
is more influenced by genetic drift than selection. 
Two-gene model is shown here for simplicity of calculations to derive the genetic 
parameters and based on that, generalizations were made for multiple gene situations. 
Descriptions of notations used in the derivation of the formula are given as follows as 
worked out by Kendall R. Lamkey (personal communication). 
I = population I 
i = locus i in the Ith population 
A = the favorable allele form at the i* locus in the Ith population 
a = the unfavorable allele form at the i01 locus in the Ith population 
P = the initial frequency of the +a allele at the i* locus in the Ith population 
1 -P = the initial frequency of the -a allele at the i* locus in the Ith population 
P' = the initial frequency of the +a allele at the i* locus in the I*-prime population 
1 -P' = the initial frequency of the -a allele at the i* locus in the I^-prime population 
fi = the frequency of the j* genotype in a population 
(CV)j = the coded value of the j* genotype 
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tr(ph) = the phenotypic standard deviation of the trait of interest 
J = the number of cycles of recurrent selection for Ith population 
J' = the number of cycles of recurrent selection for I^-prime population, 
API = the change in frequency in population I after one cycle of selection for 
the +a allele at the i"1 locus 
APT = the change in frequency in population I' after one cycle of selection for 
the +a allele at the i* locus 
H = the mean of the original (base) genotype, or the contribution of the mean of 
those loci that are fixed in the population in one allelic form 
0) Beta = correlation coefficient r (Sr/Sx), which is a slope, or rate of change of on 
standard deviation in X that corresponds to a change of r standard deviation 
in Y 
Falconer and Mackay (1996) use the following notations measured on a linear scale. 
aa Aa AA ^ genotype 
—| J 1 1 M linear scale 
-a fa. d +a M genotypic 
value 
+a = coded genotypic value of the favorable homozygous AA genotype from mean p. 
+d = coded genotypic value of the heterozygous Aa genotype from mean p 
-a = coded genotypic value of the unfavorable homozygous aa genotype from mean p. 
H = the mean of the population, which is coded as zero 
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There is a specific definition for each genetic parameter derived for each population 
involved. Dividing the genetic values by phenotypic standard deviation o(ph) will make the 
parameters unitless. 
i = uncoded genotypic value of the AA genotype 
j = uncoded genotypic value of the Aa genotype 
k = uncoded genotypic value of the aa genotype 
Where p = P2i + (1- P)2k = mean of the two homozygotes 
a = (i - k)/2 
d = j - a 
Derivations of genetic expectations for populations at different levels of development are 
shown for various populations. Kendall R. Lamkey (personal communication) developed the 
mathematical procedure to derive the genetic parameters as shown below. 
(I) Mean of cycle zero (CO) of Ith population per se 
(II) Mean of cycle one (CI) of Ith population per se 
(HI) Mean of original population per se selfed (CO ®) 
(IV) Mean of population per se selfed after one cycle of selection (CI ®) 
(V) Mean of a cross between original population and population after one cycle 
of selection (CO x CI) 
(VI) General derivation for the mean of a cross between 
two different cycles of the same population (CI x CJ) 
(VII) Derivation of the mean of a cross between 
two populations after selection (CIJ x CI'J') 
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(VU!) General derivation for the mean of the self of the cross 
between two populations after selection (CIJ x CI'J')0 
Derivation of Genetic Expectation 
Assume a two-allele case in a random mating population. The frequency of the genotypes 
and the their genotypic values can be written as follows: 
Female gametic array Male gametic array 
Pr(A) = P Pr(A) = P 
Pr(a) = 1 - P Pr(a) = 1 - P 
The genotypes and their frequencies are easily computed by arranging the gametic arrays in a 
punnet square. 
Female Gametes Male Gametes and Frequency 
and Frequency A a 
(P) (1 - P) 
A AA Aa 
(P) (P2) P(1 - P) 
a Aa aa 
( 1 - P )  P ( l - P )  ( 1 - P ) 2  
Assign coded values to the genotypes from the cross between the female and male gametes 
on a linear scale and represent them on the measurement as shown below. 
aa Aa AA 
"
1 1 1 7™" 
-a p d +a 
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Frequency 
(fi) 
Genotype 
Ci) 
Coded 
Genotypic Value 
(CV)j 
Uncoded 
Genotypic 
Value 
P* AA H + a i 
2P(1 - P) Aa H + d j 
(1-P)2 aa H - a  k 
Where p. — P2i + (1 - P)2 k = mean of the two homozygotes. 
a = (i - k)/2 
d = j - a 
I. Mean of cycle zero (CO) of Ith population per se 
From the previous table the mean of genotypes (j) is derived as follows based on the 
genotypic values. 
CO = n + P2a + 2P(1 -P)d-(1 - P)2a 
= H + P2a + 2P(1 - P)d - (1-2P + P2)a 
= p +P2a + 2P(1 - P)d - a + 2Pa - P2a 
= H + 2P(1 - P)d + 2Pa - a 
= H +(2P- l)a + 2P(l-P)d 
Let AO = (2P - l)a 
2DO = 2P(1 - P)d 
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Then, the effects of the two parameters in the original population can be written as: 
C0 = n +AO + 2DO 
In general the mean of CO in Ith population can be expressed as: 
C0 = n + AOI + 2DOI 
II. Mean of cycle one (CI) of I,b population per se 
Let AP = change in gene frequency from one cycle of selection to the next 
generation 
P' = gene frequency in population after one cycle of selection 
Then P' = P + AP 
Genotypes frequencies can be found from a punnet square. Then, writing the results in a table 
form would facilitate the derivation of the formula. 
Frequency Genotype Coded 
(fi) (i) Genotypic Value 
(CV)j 
(P + AP)2 AA H + a 
2(P + AP)(1- P - AP) Aa H + d 
(1-P-AP)2 aa |-i - a 
The derivation for CI population from the above table is as follows: 
Cl = n + (P + AP)2a + 2(P + AP)(1 - P - AP)d - (1 - P - AP)2a 
= H + [P^a + 2PAPa + AP2a] + [-a + Pa + APa + Pa - P2a - PAPa + APa 
- PAPa - AP2a] + [2Pd - 2P2d - 2PAPd + 2APd - 2PAPd - 2AP2d] 
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= g + 2Pa - a + 2APa + 2P(1 - P)d + (2APd - 4PAPd) - 2AP2d 
= H + (2P -l)a + 2P(1 - P)d + 2APa + 2AP(1 - 2P)d - 2AP2d 
Let 2AL = 2 APa 
2DL = 2AP(1 - 2P)d 
2QL = 2AP2d 
Then Cl = g + AOI + 2DOI + 2AL + 2DL - 2DQ 
Assuming the change in gene frequency is linear with respect to (N) cycles of selection for Ith 
population we can write the general equation as: 
C(N) = p + AOI + 2DOI + 2AL(N) + 2DLI(N) - 2DQI(N2) 
III. Mean of base population per se selfed (CO ®) 
The frequency of the genotypes and the their genotypic values of selfed population is shown 
below. By appropriate computations and rearranging the formula we can obtain the genetic 
expectations. 
Frequency Genotype Coded Selfed Progenies Coded 
(fi) (j) Genotypic Value Genotypic Value 
(CV)j AA Aa aa (CV)j 
P^ AA H +a I 0 0 H + a 
2P(1- P) Aa H + d 1/4 1/2 1/4 H + l/2d 
(1-P)2 aa H - a 0 0 1 H - a 
CO ® = mean of CO selfed 
= P^n + a) + 2P(1- P)( n + l/2Pd) +(1 - P)2(n - a) 
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= p + Fa + 2P(1- P)l/2d - a(l - P)2 
= p + Fa + Pd - Fd - a + 2Pa - Fa 
= H + a(2p - 1) + P(l- P)d 
= p + (2P- l)a + P(l -P)d 
Then, the generalized formula will be: 
CO® = p. + AOI + DOI 
IV. Mean of population per se selfed after one cycle of selection (CI ®) 
Frequency Genotype Coded Selfed Progenies Coded 
(fi) (i) Genotypic Genotypic 
Value AA Aa aa Value 
(CV)j (CV)j 
(P + AP)2 AA H +a 1 0 0 + a 
2(P + AP)(1 - P - AP) Aa H +d 1/4 1/2 1/4 H + l/2d 
( 1 - P  -  A P ) 2  aa f i  - a  0 0 1 fj. - a 
Cl ® = mean of CI population selfed 
= H + (P + AP)2a + 2(P + AP)(1 - P - AP)l/2d -(1-P- AP)2a 
= H + (F + PAP + PAP + AF)a + (P-F- PAP + AP - PAP - AP2)d 
-(1 - P-AP-P + F + PAP - AP + PAP + AP2)a 
= p + (-a + Pa + APa + Pa + APa) + (Pd - P2d - PAPd + APd 
- PAPd - AP2d) 
= p - a + 2Pa + 2APa + P(l- P)d + AP(1 - 2P)d - AFd 
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= p + (2P- l)a+P(l -P)d + 2APa + AP(l - 2P)d - AP2d 
= p + AO + DO + 2AL + DL - DQ 
Then in general for (N) cycles of selection of selfed Ith population: 
C(N) ® = p + AOI + DOI + 2ALI(N) + DLI(N) - DQI(N2) 
V. Mean of a cross between original population and (the same) 
population after one cycle of selection (CO x CI) 
Cycle 0 (CO) Cycle 1 (CI) Coded 
Genotypic 
Value 
(CV)j 
Frequency Genotype Frequency Genotype 
~P ÂÂ (P + AP)2 ÂÂ p + a 
2P(1 - P) Aa 2(P + AP) (1 - P - AP) Aa p + d 
( 1 - P ) 2  a a  ( 1 - P  -  A P ) 2  a a  p - a  
Gametic Frequency for CO Gametic Frequency for C1 
Pr(A) = P Pr(A) = P - AP 
Pr(a) = (1-P) Pr(a) = (1 - P - AP) 
CO x Cl = p + P(P + AP)a + P(l-P-AP)d + (l - P)(P + AP)d - (1 - P)(l - P-AP)a 
= p + P2a + PAPa - (a - Pa - APa - Pa + P2a + PAPa) 
+ (Pd - P2d - PAPd + Pd + APd - P2 - PAP) 
= p + 2Pa - a + APa + 2Pd - 2P2d + APd - 2PAPd 
134 
= y. + (2P - l)a + APa + 2P(1 - P)d + AP(1 - 2P)d 
= H + AO -f AL + 2DO + DL 
Then, the general formula would be: 
CO x CN = n + AO + 2DO + AL(N) + DL(N) 
VI. General derivation for the mean of a cross between 
two different cycles of the same population (CI x CJ) 
Population CI(I = 0) Population CJ(J = 0) Coded 
Genotypic 
Frequency Genotype Frequency Genotype Value 
(CV)j 
(P + API)2 ÂÂ (P+ APJ)2 ÂÂ n + a 
2(P + API)(1 - P - API) Aa 2(P + APJ)(1 - P - APJ) Aa p +d 
(1-P-API)2 aa (1-P-APJ)2 aa n-a 
Gametic Array for Population I Gametic Array for Population J 
Pr(A) = P + API Pr(A) = P + APJ 
Pr(a) = 1 - P - API Pr(a) = 1 - P - APJ 
(CI x CJ) = h + (P + API)(P - APJ)a + (P + API)(1 - P - APJ)d 
+ (1 - P - API)(P - APJ)d -(1-P- API)(1 - P - APJ)a 
= H + (P2a + PAPaJ + APPal + APAPalJ) 
- (a - Pa - APaJ - Pa + F^a + PAPaJ - APal + APPal + APAPalJ) 
+ (Pd - Pd2 - PAPdJ + APdl - APPdl - APAPdIJ) 
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+ (Pd - P^d - PAPdl + APdJ - APPdJ - APAPIJ) 
= |i - a + 2Pa + APal + APaJ + 2Pd - P2d - 2APPdI 
- 2APPdJ + APdl + APdJ - 2AP2dIJ 
= H + (2P - 1 )a + APa(I+J) + 2P(l - P)d + APdl - 2APPdI 
+ APdJ - 2APPdJ - 2AP2dIJ 
= H + (2P - 1 )a + APa(I+J) + 2P(1 -P)d + AP(l - 2P)dI 
+ AP(1 - 2P)dJ - 2AP2dIJ 
= H + (2P - l)a + APa(I+J) + 2P(1 - P)d + AP(1 - 2P)(I+J) - 2AP2dIJ 
But - 2AP2dIJ = - AP2d(I2+J2) + AP2d(I+J)2 
Then, the parameters become: 
= n + (2P - l)a + APa(I+J) + 2P(1 - P)d + AP(1 - 2P)d(I+J) 
- AP2d(I2+J2) + AP2d(I+J)2 
Let H = AP2d, when written in notations 
(CI x CJ) = n + AO + AL(I+J) + 2DO + DL(I+J) - DQ(I2 + J2) + H(I+J)2 
VII. Derivation of the mean of a cross between 
two populations after selection (CIJ x CI'J') 
Where, I = the Ith population and I is not equal to I' 
J = the J* cycle of selection in the Ith population 
J' = the J* prime cycle of selection in the Ith prime population 
The genotypic frequency and genotypic arrays are given below for the two populations. 
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Population I, J # 0 Population F, J' 0 Coded 
Genotypic 
Frequency Genotype Frequency Genotype Value 
(CV)j 
(P+ APJ)2 ÂÂ (P' + APT)2 ÂÂ n + a 
2(P + APJ)(1 - P - APJ) Aa 2(P'+ AP'J')(1 - P'- APT) Aa n + d 
( 1 - P  -  A P J ) 2  a a  ( 1  - P '  -  A P T ) 2  a a  p - a  
Gametic Frequency for Population I Gametic Frequency for Population F 
Pr(A) = P + APJ Pr(A) = P' + AP'J' 
Pr(a) = 1 - P - APJ Pr(a) = 1 - P' - AP'J' 
(CIJ x CIT) = h + (P + APJ)(P' + APT)a + (P + APJ)(1 - P' - AP'J')d 
+(1 - P- APJ)(P' + APT)d -(1-P- APJ) (1-P' - APT)a 
= li + [PP'a + PAP'aJ' + P'APaJ + APAP'aJJ'] 
- [a - P a - AP'aJ' - Pa + PP'a + PAP'aJ' - APaJ +P'APaJ 
+ APAP'aJJ] 
+ [Pd - PP'd - PAP'dJ' + APdJ - P'APdJ - APAP'dJJ'] 
+ [P'd + AP'dJ' - PP'd - PAP'dJ' - P'APdJ - APAP'dJJ'] 
= H + P'a + Pa - a + AP'a J' + APaJ + Pd + P'd - 2PP'd 
+ APdJ + AP'dJ' - 2APP'dJ - 2AP'PdJ' - 2APAP'dJJ' 
At this stage add and subtract each of these quantities (P2d, P'2d, 2PAPdJ, and 2P'AP'J') 
from the previous formula and rearrange the parameters. 
= n + P'a + Pa - a + AP'a J' + APaJ + Pd - P2d + P2d + P'd - P'2d + P'2d - 2PP'd 
+ APdJ - 2PAPdJ + 2PAPdJ + AP'dJ' - 2P AP J' + 2P AP J' + 2APP'dJ -
2AP'PdJ' - 2APAP'dJJ' 
= g + P'a + Pa - a + AP'a J' + APaJ + Pd - P2d + P'd - P'2d + P2d + P'2d - 2PP'd 
+ APdJ - 2PAPdJ 4- AP'dJ' - 2P AP J' + 2PAPdJ + 2APP'dJ 
+ 2P AP J' - 2AP'PdJ' - 2APAP'dJJ' 
= H + 14(2P - l)a+ »/2(2P' - l)a + AP'aJ' + APaJ 
+ P(1 - P)d + P'(l - P')d + (P - P')2d + AP(1 - 2P)dJ + AP'(1 - 2P')dJ' 
+ 2AP(P - P')dJ + 2AP'(P' - P)dJ' - 2APAP'dJJ' 
At this point we introduce more notations: 
Let HH' = (P - P')2d 
2DLII' = 2AP(P - P')dJ 
2DLI'I = 2AP'(P' - P)dJ 
2HQII' = 2APAP'dJJ' 
Then, 
C(IJ) x C(I'J ) = n+ */2(AOI + AOI') + ALI(J) + ALI'(J') + DOI + DOI' + HH' 
+ DLI(J) + DLI'(J') + 2DLH'(J) + 2DLI'I(J) - 2APAP'd(JJ') 
= n+ '/2(AOI + AOI) + ALI(J) + ALI'(J') + DOI + DOI' + HH' 
+ DLI(J) + DLI'(J) + 2DLII'(J) + 2DLI'I(J) - 2HQH'(JJ') 
Generally for the case where I is not equal to I' 
CflJ) xC(I'J') = g+ */2(AOI + AOI ) + ALI(J) + ALI'(J') + DOI + DOI' + 5HII' 
+ DLI(J) + DLI'(J') + 2ÔDLII'(J) + 2ÔDLI'I(J') 
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-2(1 - Ô)DQI(JJ') - 2XHQII'(JJ') 
where, ô = 1 for I is not equal to I' and 8 = 0 otherwise 
X = 0 for I is equal to I' and J is equal to J' and X = 1 otherwise 
I n  this study we followed the example of this model. In this case 0=1, and I ^ I' 
Therefore, 
= AOI + ALI(J) + ALI'(J') 2DOI + DLI(J) + DLI'(J') 
+ 2DLII'(J) + 2DLI'I(J') + HIT + HQII'(JJ') 
Where, 2DLH'(J) = 0 
2DLIT(J') = 0 
HIT = 0 
Then, 
= AOI + 2DOI + ALI(J) + ALF(J') + DLI(J) + DLI'(J') + 2HQII'(JJ') 
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VIII. General derivation for the mean of the self of the cross 
between two populations in selection (CIJ x CI'J')® 
Where, I = the Ith population and I is not equal to I' 
J = the J* cycle of selection in the Ith population 
J' = the J* prime cycle of selection in the Ith prime population 
Population I Population F Selfed Progenies 
Frequency Genotype Frequency Genotype Coded 
Genotypic Value 
(CV)j 
(P + AP)2 AA (P' + AP')2 AA H + a 
2(P + AP)(1 - P - AP) Aa 2(P' + AP')(1 - P' - AP ) Aa H + d 
(I - P - AP)2 aa (1 -P' - AP')2 aa H - a  
Gametic Frequency for CO Gametic Frequency for CI 
Pr(A) = P - APJ Pr(A) = P' - AP J' 
Pr(a) = (1 - P - APJ) Pr(a) = (1 - P' - APT) 
(CIJ x CI'J')® = n + (P - APJ)(P' - AP'J')a + 1/2(P - APJ)( 1 - P' - AP'J')d 
+ 1/2(1 - P - APJ)(P' - AP'J')d (I P- APJ)(1 - P' - AP'J')a 
= p + (PP'a + PAP'aJ' + APP'aJ + APAP'JJ') 
- (a - P'a - AP'aJ' - Pa + PP'a + PAP'aJ' - APaJ 
+ APP'aJ + APAP'dJJ') 
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YzÇPd - PP'd - P AP'dJ' + APdJ - APP'J - APAP'dJJ) 
l/2(P'd - PP'd - APP'dJ + AP'dJ' - PAP'dJ' - APAP'dJJ ) 
= p. + Pa + P'a - a + APaJ + AP'aJ' 
*/2(Pd - PP'd - PAP'dJ' + APdJ - APP'J - APAP'dJJ') 
i/2(P'd - PP'd - APP'dJ + AP'dJ' - PAP'dJ' - APAP'dJJ ) 
At this stage add and subtract the same quantities of (P'2, 2APPdJ, and 2AP'P'd J') from the 
above equation and rearrange the parameters in the equation. 
= (j. + (Pa + P'a - a + APaJ + AP'aJ') 
+ »/2(Pd - PP'd - PAP'dJ' + APdJ - 2APPdJ + 2APPdJ - APP'J - APAP'dJJ') 
+ '/2(P'd - P'2d + P,2d - PP'd - APP'dJ + AP'dJ' - 2AP'P'dJ' + 2AP'P'dJ' 
- PAP'dJ' - APAP'dJJ') 
= H + K(2P - l)a+ '/2(2P' - l)a + APaJ + AP'aJ' + 1/2P'(1 - P')d 
+ */2(P - P')2d + 1/2AP(1 - 2P)dJ + 1/2AP'(1 - 2P')dJ' 
+ AP(P - P')dJ + AP'(P' - P)dJ' - APAP'dJJ' 
The general formula in notations is written as follows: 
(CIJ x CI'J')® = n+ %(AOI + AOI) + ALIJ + ALIJ' + 1/2DOI + 1/2DOI' 
+ 1/2ÔHH' + l/2 DLIJ + 1/2DLIJ' + SDLH'J 
- (1 - S)DQIJJ' - XHQD'JJ' 
Where, 6=1 for I is not equal to I' and 8 = 0 otherwise 
X = 0 for 1 = 1' and J = J' and X = 0 otherwise 
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Definitions of Genetic Parameters 
Notations of the genetic parameters and their descriptions used in this report are 
based on the Smith (1983) model. The parameters are used to generate estimates of selection. 
The parameters have no units since they are divided by phenotypic standard deviation (oph). 
The definitions of the genetic parameters were also given in various reports (Keeratinijakal, 
and Lamkey, 1993b, Helms et al., 1989, Smith, 1979b, 1979a, Hammond and Gardner, 
1974). 
AOI = n + Z(2P-l)a = Contribution of additive genetic effect to the mean of the Ith 
population in cycle zero, or the mean plus the intercept of base population, or the 
contribution of homozygous alleles (additive) effect regressed on cycles of selection. 
DOI = Z(l-P)d = Contribution of dominance genetic effect to the mean of the Ith population 
in cycle zero, or one half the intercept of the effect due to dominant (heterozygous) loci 
regressed on cycle of selection in cycle zero of Ith population, or the decrease in the 
population mean after one generation of self fertilization. 
Both AOI and DOI are contributions to the mean of cycle zero in population I. 
ALI = 3-APa = Contribution of additive genetic effect to the response of selection in the Ith 
population over cycles of selection, or partial linear regression coefficient due to additive 
(homozygous) loci regressed on cycles of selection, or one half per cycle change in the mean 
of Ith population due to homozygous loci. 
DLI = £AP(l-2P)d = Contribution of dominance genetic effect to the response of selection in 
the Ith population over cycles of selection, or partial linear regression coefficient due to 
contribution of heterozygous loci regressed on cycles of selection, or one half the change in 
the population mean due to dominance loci effect in the Ith population. 
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Both ALI and DLI are contributions of linear change over cycles of selection. 
DQI = Z(AP)2d = Estimates of loss of hétérozygotes, or effect due to genetic drift, or 
selection in small population sizes (< 25 individuals), or the partial quadratic regression 
coefficient of heterozygous contributions regressed on cycles of selection, or one half the 
change in the population mean after one cycle of selection due to finite population size 
(sampling effect). 
HQIT = -X2APAP'dJJ' = Effect due to heterosis in the cross of two populations when I # F, 
or quadratic function in the allelic change in the allele frequencies and heterozygous effect in 
the cross between two different populations in different cycles of selection, that is, J ^ 0, and 
J'*0. 
HIF = Z(P-P)2d = Heterosis effect in cross of cycle J of Ith and I^-prime populations when I 
is not equal to F, and J = 0, and J' = 0. 
DLI'I = XAP(P-P')dJ = Linear change of dominance effect in the cross of two populations 
over cycles of selection from population I, or one-half the contribution of hétérozygotes in 
the Ith population to the change in the mean of the cross CIJ x CI'J' after fitting (subtracting) 
ALI and DLI. 
DLIF = ZAP'(P'-P)dJ' = Linear change of dominance effect in the cross of two populations 
over cycles of selection from population F, or one half the contribution of hétérozygotes in 
the I^-prime population to the change in the mean of the cross CIN x CI'N after fitting ALI' 
and DLI'. 
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APPENDIX C. COMBINED MEAN DATA OF NON-INBRED 
AND INBRED ENTRIES 
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Table Cl. Combined mean data over six environments in the non-inbred entries of the BSl 1 
maize populations for 11 agronomic traits.t 
Ent Line Source Yield Stand Moist Rtldg Slddg Dears Sildat Poldt Pltht Earht AS! 
1 BSl ICO 
2 BS11(5-S,)C1 
3 BSl l(5-St)C2 
4 BS11(5-S,)C3 
5 BSl l(5-S,)C4 
6 BSl l(5-Si)C5 
7 BSl ICO 
8 BSl 1(10-S,)C1 
9 BSll(10-Si)C2 
10 BSl 1(10-S,)C3 
11 BSl !(10-S,)C4 
12 BSl 1(10-S,)C5 
13 BSl ICO 
14 BSl 1(20-S,)C1 
15 BSl l(20-Si)C2 
16 BSl 1(20-S,)C3 
17 BSl 1(20-S,)C4 
18 BSl 1(20-S,)C5 
19 BSl ICO 
20 BSl l(30-Si)Cl 
21 BSl 1(30-S,)C2 
22 BSl 1(30-S,)C3 
23 BSl K30-S,)C4 
24 BSl 1(30-S,)C5 
25 BSl ICO 
26 BSl ICO x BSl l(5-S,)Cl 
27 BSl ICO x BSl l(5-St)C3 
28 BSl ICO x BSl l(5-S,)C5 
29 BSl ICO 
30 BSl ICO x BSl l(10-Si)CI 
31 BS1IC0 x BSl l(10-Si)C3 
32 BSl ICO x BSl 1(10-S|)C5 
33 BSl ICO 
94S:lSOL 
91S:6501 
91S:6514 
91S:6526 
915:6539 
945:6076 
945ISOL 
915:6551 
915:6564 
915:6576 
915:6589 
955:6101 
94S.ISOL 
915:6264 
915:6276 
915:6289 
915:6301 
915:6314 
94S:ISOL 
915:6601 
915:6614 
915:6626 
915:6639 
945:6126 
94SISOL 
91S1SOL 
955:7191 
955:7201 
94SISOL 
91S1SOL 
955:7211 
955:7221 
945ISOL 
4.46 
4.05 
4.26 
3.96 
3.86 
427 
4J2 
434 
4.99 
4.78 
4.94 
4.8. 
4.39 
4.91 
4.56 
4.83 
4.94 
4.87 
4.63 
4.52 
4.85 
5.07 
5.15 
5.48 
4.47 
4-36 
5.23 
4.80 
4.29 
4.40 
4.91 
5.46 
4.41 
61.11 
61.01 
61.67 
60.62 
60.29 
61.45 
61.12 
61.12 
60.27 
61.10 
61.19 
61.06 
61.62 
61.14 
61.24 
60.73 
60.52 
60.76 
61.43 
58.59 
61.33 
60.96 
60.52 
60.65 
60.71 
61.55 
6039 
61.20 
60.72 
61.20 
60.40 
61.11 
60.70 
25.28 
24.82 
23.45 
25.72 
25.82 
22.83 
25.78 
24.59 
23.94 
24.11 
22.40 
20.70 
25.73 
24.76 
24.01 
23.71 
23.69 
23.80 
25.60 
24.77 
24.08 
23.83 
23.59 
22.44 
25.46 
24.96 
24.86 
23.57 
25.42 
25.40 
24.09 
23.60 
26.14 
324 
5.99 
3.10 
2.60 
3.17 
0.83 
3.07 
3.07 
3.42 
2.12 
1.73 
0.00 
1.85 
1.78 
1.86 
0.27 
0.26 
0,32 
2.06 
4.58 
4.51 
1.46 
1.65 
1.31 
3.56 
1.91 
3.47 
0.98 
5.32 
3.63 
1.71 
2.25 
2.84 
24.46 
19.82 
22.09 
17 JO 
17.03 
14.30 
22.79 
26.83 
21.72 
14.48 
1435 
11.19 
21.41 
18.37 
19.57 
11.62 
10.63 
7.53 
18.84 
24.01 
20.64 
16.03 
15.90 
12.97 
20.76 
23.03 
18.15 
15.54 
22.82 
23.90 
16.80 
13.97 
2238 
2.40 
3.59 
5.81 
2.10 
3.03 
2.60 
2.64 
2.97 
2.21 
2.03 
1.50 
0.85 
2.55 
2.06 
2.51 
2.16 
1.02 
1.67 
2.24 
4.03 
2.41 
1.87 
2.04 
1.75 
2.41 
3.48 
2.75 
1.88 
129 
232 
129 
2.03 
2.48 
84.98 
83.14 
82.97 
8535 
83.28 
82.73 
87.08 
83.61 
8339 
82.89 
83.10 
81.56 
85.91 
82.96 
82.12 
81.23 
80.88 
81.75 
8627 
82.71 
82.98 
82.30 
8121 
8131 
85.60 
8434 
84.37 
82.47 
86.47 
84.71 
82.43 
82.46 
85.62 
8136 
80.83 
79.53 
81.24 
79.60 
79.38 
81.97 
81.05 
80.04 
80.14 
80.81 
78.62 
81.61 
80.31 
79.03 
77.77 
77.69 
77.49 
81.26 
80.73 
79.38 
78.27 
77.74 
77.80 
81.75 
80.44 
80.69 
79.04 
81.97 
80.81 
79.74 
80.33 
81.57 
252.11 
242.93 
238.69 
24226 
241.74 
22635 
25320 
248.69 
24427 
246.43 
235.66 
22227 
252.06 
24035 
233.78 
227.16 
217.16 
214.59 
247.30 
247.63 
237.59 
23431 
232.72 
230.85 
258.50 
254.52 
254.26 
247.03 
252.49 
255.88 
246.51 
247.76 
257.09 
144.75 
127.03 
12620 
124.08 
124.07 
117.14 
140.91 
133.12 
13225 
12827 
120.01 
112.12 
14328 
130.19 
125.70 
119.48 
10729 
105.42 
139.25 
134.83 
127.86 
123.06 
119.10 
121.18 
149.14 
136.10 
137.40 
131.92 
140.67 
139.30 
128.54 
129.85 
145.92 
3.62 
2.31 
3.44 
4.11 
3.68 
334 
5.11 
2.56 
3.35 
2.75 
230 
2.94 
430 
2.65 
3.09 
3.46 
3.19 
426 
5.01 
1.98 
3.59 
4.04 
3.47 
3.51 
3.85 
3.90 
3.68 
3.43 
4.50 
3.90 
2.69 
2.14 
4.05 
t Ent = entry number, Line = germplasm, Source = year germplasm produced, 
Yield = grain yield (Mg ha"1), Stand = stand count (1000 ha" ), Moist = grain moisture 
(g kg"1), Dears = dropped ears (%), Rtldg = root lodging (%), Sildat = days to mid-silk, 
Poldt = days to mid-pollen shed, Pltht = plant height (cm), Earht = ear height (cm), 
ASI = anthesis-silking interval (days). 
ISOL = isolation. 
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Table Cl. (continued) 
Ent Line Source Yield Stand Moist Rtldg Sklde Dears Sildat Poldt Pltht Earht AS! 
34 BSl ICO x BSl I(20-Si)Cl 9IS ISOL 4.67 57.88 24.53 2.09 22.05 2.75 82.93 79.45 243.86 132.69 3.48 
35 BSl ICO x BSl l(20-Si)C3 95S:723 l 4.81 60.03 24.62 2.52 17.48 0.88 83.11 79.65 242.44 12927 3.46 
36 BSl ICO x BSl 1(20-S,)C5 955:7241 4.93 61.45 23.56 1.54 14.50 1.16 82.35 79.08 237.94 124.74 3.27 
37 BSl ICO 94SISOL 4.38 61.13 262 6 3.54 18.83 4.44 86.91 82.03 250.87 140.72 4.89 
38 BSl ICO x BSl 1(30-5,)C1 91S ISOL 42 6 61.31 2524 1.53 23.87 3.71 84.41 80.00 248 29 137.99 4.41 
39 BSl ICO x BSl 1(30-5,)C3 955:7251 5.59 60.92 24.89 1.71 18.40 2 2 2 82.77 79.41 243.09 129.68 3 36 
40 BSl ICO x BSl 1(30-5,)C5 955:7261 53 3 60.98 24.06 1.40 15.88 2 2 6 82.51 79.14 234.91 123.92 3.37 
41 BSl l(5-S,)C3 x BSl 1(5-S,)C5 955:7271 4.52 60.40 24.57 2.17 12.65 2.16 83.09 79.52 235.86 119.53 3.57 
42 BSl l(5-S,)C3x BSl l( 10-5,)C3 955:7281 5.70 60.41 24.66 1.47 12.89 1.98 82.64 80.12 251.08 132.59 2.51 
43 BSl l(5-S,)C3 x BSl 1(10-5,)C5 955:7291 5.77 60.81 23.68 1.11 9.40 2.09 81.81 78.81 234.18 116.21 3.00 
44 BSl l(5-S,)C3 x BSl 1(20-S,)C3 955:7301 5.40 60.57 25.07 1.99 14.92 2.52 81.92 78.41 239.70 121.62 3.51 
45 BSl 1(5-5,)C3 x BSl 1(20-5,)C5 955:7311 52 7 60.56 24.66 0.71 122 1 2.20 823 4 78.83 237.70 1223 4 3.51 
46 BSl l(5-S,)C3 x BSl l(30-S,)C3 955:7321 535 59.31 24.47 1 22 17.51 4.14 82.59 79.89 242.96 125.40 2.70 
47 BSl 1(5-S,)C3 x BSl 1(30-S,)C5 955:7331 5.42 60.46 2422 1.33 13.05 2.63 82.03 78.74 247.41 133.71 3.29 
48 BSl l(5-S,)C5 x BSl 1(10-S,)C3 955:7341 5.40 61.10 23.44 1.13 14.77 2 2 9 8228 79.00 241.99 124.24 3.28 
49 BSl 1(5-S,)C5 x BSl 1(10-5,)C5 955:7351 5.87 61.38 21.88 037 1134 1.39 79.87 77.55 233.80 121.12 2.33 
50 BSl l(5-S,)C5 x BSl 1(20-S,)C3 955:7361 5.19 60.36 23.36 0.02 12.25 2.07 80.72 773 1 232.83 117.04 3.41 
51 BSl 1(5-5,)C5 x BS11(20-S,)C5 955:7371 5.52 60.82 22.85 0.67 10.58 1.15 80.48 77.85 231.73 116.67 2.62 
52 BSl 1(5-S,)C5 x BSl 1(30-S,)C3 955:7381 5.55 60.78 23.43 1 20 11.87 2.37 81.18 78.02 234.67 119.37 3.17 
53 BSl 1(5-S,)C5 x BSl 1(30-5,)C5 955:7391 5.78 61.20 22.42 135 1225 2.83 81.42 77.70 236.63 124.26 3.72 
54 BSl 1(10-S,)C3 x BSl l(10-S,)C5 955:7401 523 61.48 21.70 0.74 12.07 2.44 81.80 79.48 230.00 113.61 2.32 
55 BSl l(10-S,)C3x BSl 1(20-S,)C3 955:7411 5.16 60.96 23.18 0.92 14.82 1.57 81.51 78.75 235.66 123.29 2.76 
56 BSl 1(10-S,)C3 x BSll(20-Si)C5 955:7421 5.50 60.57 232 0 0.57 11.01 0.88 81.49 78.25 235.43 118.30 3.24 
57 BSl 1(10-S,)C3 x BSl 1(30-5,)C3 955:7431 5.46 60.73 23.72 1 26 15.91 22 4 81.83 78.64 235.22 121.18 3.19 
58 BSl 1(10-S,)C3 x BSl 1(30-5,)C5 955:7441 5.54 60.46 22.81 1.10 14.04 1.51 81.70 78.39 232.08 118.13 3.32 
59 BSl l(IO-S,)C5x BSl 1(20-S,)C3 955:7451 5.29 61.33 22.73 0.46 13.15 0.69 80.35 77.11 226.22 113.79 3.24 
60 BS 11 ( 10-S, )C5 x BS 11 (20-5, )C5 955:7461 5.69 60.84 22.51 0.40 7.54 1.03 80.73 77.52 228.58 112.62 3.21 
61 BSl 1(10-S,)C5 x BSl 1(30-5,)C3 955:7471 5.56 60.79 22.33 0.81 13.36 1.23 81.14 77.79 226.09 112.42 3.35 
62 BSl l(10-S,)C5 x BSl 1(30-5,)C5 955:7481 5.75 61.02 21.60 0.73 11.19 1.88 80.12 77.40 227.02 113.14 2.72 
63 BSl 1(20-S,)C3 x BSl 1(20-5,)C5 955:749 ! 4.92 61.62 23.59 0.64 11.80 1.41 80.90 77.95 219.42 10723 2.95 
64 BSl 1(20-S,)C3 x BSl 1(30-S,)C3 955:7501 5.66 60.99 23.83 1.10 15.46 1.34 80.94 77.84 227.96 118.82 3.10 
65 BSl 1(20-S,)C3 x BSl l(30-S,)C5 955:75 il 5.50 61.04 23.38 0.99 12.04 1.17 80.73 77.24 233.89 120.00 3.50 
66 BSl l(20-S,)C5 x BSl 1(30-S,)C3 955:7521 5.75 61.13 24.50 033 1328 0.68 81.93 78.33 226.83 115.22 3.60 
67 BSl l(20-S,)C5 x BS 11(30-5,)C5 955:7531 5.58 60.71 233 1 0.00 9.79 1.11 80.51 77.51 223.97 112.00 2.99 
68 BSl l(30-S,)C3 x BSl 1(30-S,)C5 955:7541 53 8 60.15 2322 1.10 12.64 1.37 81.75 78.30 231.12 120.16 3.45 
69 BSl ICO x B97 955:7551 6.04 60.81 22.61 2.15 17.31 2.77 832 0 803 6 251.83 126.41 2.83 
70 BSl 1(5-5,)C 1 xB97 955:7561 6.10 60.72 22.45 4.63 14.75 2 3 9 83.10 79.44 254.81 125.98 3.66 
71 BSl 1(5-5,)C2xB97 955:7571 6.32 60.10 22.77 3.82 15.84 1.88 82.66 79.67 255.43 126.72 2.99 
72 BSl 1(5-S,)C3 x B97 955:7581 6.59 60.93 23.61 2.08 9.93 1.97 83.12 79.72 260.05 128.79 3.40 
73 BSl 1(5-S,)C4 x B97 955:7591 6.08 6135 24.71 5.01 14.42 1.13 83.03 79.53 254.10 125.12 3.51 
74 BSl 1(5-S|)C5 x B97 955:7601 63 6 61.05 21.62 1.75 9.84 1.13 81.38 77.84 251.77 121.66 3.54 
75 BSl ICO x B97 955:7551 639 61.35 23.16 1.87 16.09 0.75 83.04 803 1 255.80 129.37 2.73 
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Table Cl. (continued) 
Ent Line Source Yield Stand Moist Rtldg Skldg Dears Sildat Poldt Pltht Earht ASI 
76 BSl I(I0-S|)C1 x B97 95S:76I1 5.94 61.62 23.06 2.57 15.48 2.37 81.98 78.76 254.04 126.24 3.21 
77 BSl I(10-S|)C2 x B97 95S:762 ! 637 61.21 22.80 1.83 13.48 1.44 823 8 79.02 256.84 126.78 3.36 
78 BSl i(10-S,)C3 x B97 95S:763I 6.11 60.28 22.89 3.14 10.06 1.66 82.52 78.95 246.90 122.11 3.57 
79 BSl 1(I0-S|)C4 x B97 95S:7641 6.67 61.16 22.07 3.07 11.55 1.65 82-23 79.54 254.47 123.92 2.69 
80 BSl 1(10-S,)C5 x B97 95S:7651 6.69 61.95 20.90 0 3 6 7.20 1.65 81.74 78.88 244.87 117.57 2.86 
81 BSl ICO x B97 95S:7551 63 3 61.51 22.64 2.21 15.62 1.15 82.75 7921 252.47 127.84 3.54 
82 BSl I(20'S|)CI x B97 95S:7661 6.21 60.81 2236 2.23 1331 1.00 82.00 78.40 250.58 121.86 3.59 
83 BSl l(20-S,)C2 x B97 95S:7671 621 61.62 22.05 0.99 10.79 1.53 81.93 78.56 24836 1222 1 3.37 
84 BSl 1(20-S,)C3 x B97 95S:768! 6.14 61.62 22.63 0.88 9.17 2.90 80.65 7727 243.81 119.48 339 
85 BSl l(20*S,)C4 x B97 95S:769 l 6.32 61.34 22.11 0.80 638 0.87 8021 76.57 231.96 108.83 3.63 
86 BSl l(20-S,)C5 x B97 95S:770l 6.98 6133 21.66 1.62 6.76 0.75 81.08 7724 24033 113.82 3.84 
87 BSl ICO x B97 955:7551 6.06 6135 22.90 1.77 1420 1.80 83.11 79.83 252.71 127.24 3.28 
88 BSl l(30-S,)Cl x B97 95S:7711 6.45 6128 23.60 2.42 11.77 2.57 82.48 78.88 254.57 127.42 3.60 
89 BSl 1(30-S,)C2 x B97 955:7721 6.57 60.91 22.61 3.77 10.95 2.02 8223 78.70 246.70 121.33 3.53 
90 BSl 1(30-S|)C3 x B97 955:7731 6.99 61.12 22.89 2.08 9.86 0.98 81.92 78.53 247.92 123.37 3.39 
91 BSl l(30-Si)C4 x B97 955:7741 6.34 6122 2229 1.94 1030 1.41 81.73 78.15 243.64 119.36 3.58 
92 BSl 1(30-S|)C5 x B97 955:7751 6.52 6033 21.42 1.40 8.13 024 80.83 77.63 24925 119.86 320 
93 BSl ICO x B73 955:7761 6.82 60.53 23.08 1.58 19.13 1.50 82.30 79.67 263.49 138.94 2.63 
94 BSl 1(5-S,)CI x B73 955:7771 6.66 61.47 23.41 1.55 17.60 1.78 81.95 79.16 260.10 137.94 2.80 
95 BSl 1(5-5,)C2xB73 955:7781 6.67 60.70 22.53 1.41 1534 3.75 81.73 79.18 254.05 134.43 2.56 
96 BSl l(5-St)C3 x B73 955:7791 6.94 60.98 23.87 1 31 13.62 1.78 81.89 79.84 25522 133.51 2.05 
97 BSl 1(5-5,)C4 x B73 955:7801 6.78 6120 23.81 1.05 10.77 224 81.82 78.88 260.51 132.32 2.94 
98 BSl 1(5-S,)C5 x B73 955:78il 6.72 61.16 23.13 1.44 10.56 2.14 80.95 78.68 254.50 132.97 2.27 
99 BSl ICO x B73 955:776 ! 6.58 60.88 23.45 1 27 1527 2.21 82.89 80.03 261.61 137.42 2.85 
100 BS11(10-S,)C1 x B73 955:7821 6.08 61.02 23.76 2.71 16.97 22 1 81.85 79.87 255.74 134.86 1.99 
101 BSll(10-S,)C2x B73 955:7831 63 4 60.91 22.94 1.02 16.70 128 82.10 79.54 247.59 127.57 2.56 
102 BSl 1(10-S,)C3 x B73 955.7841 6.30 60.92 23.14 1.89 1133 1.95 82.18 79.59 250.47 128.03 2.59 
103 BSll(10-St)C4 x B73 955:785! 6.44 60.78 23.51 1.01 14.16 137 822 5 8033 249.88 127.18 1.92 
104 BSl 1( 10-5,)C5xB73 955:7861 6.89 61.19 22.14 2.07 8.72 0.73 81.65 79.22 245.69 123.37 2.44 
105 BSl ICO x B73 955:7761 6.31 60.96 2326 3.51 1627 1.76 82.65 79.70 263.14 140.31 2.95 
106 BSl 1(20-S,)C1 x B73 955:7871 6.68 60.93 23.30 3.15 15.98 1.59 81.75 78.96 25037 132.96 2.79 
107 BS 11(20-5,)C2 x B73 955:7881 6.94 60.94 22.65 1.82 12.83 1.71 80.73 78.58 250.95 130.01 2.15 
108 BSl 1(20-S,)C3 x B73 955:7891 6.48 61.09 23.50 1.44 11.07 1.06 81.03 78.06 244.63 124.77 2.97 
109 BSl 1(20-5,)C4 x B73 955:7901 6.76 61.46 23.27 1.84 12.44 1.46 80.80 77.18 240.98 119.53 3.61 
110 BSl 1(20-S,)C5 x B73 955:7911 725 612 1 22.89 0.40 8.62 120 80.63 77.21 24230 120.60 3.42 
111 BSl ICO x B73 955:7761 6.45 60.80 23.14 4.21 15.10 2.09 82.58 79.91 260.13 135.13 2.66 
112 BSl 1(30-5,)C1 x B73 955:7921 6.15 60.44 23.72 1.62 15.48 3.19 81.79 79.60 254.50 134.07 2.19 
113 BSl 1(30-5,)C2xB73 955:793 ! 6.40 60.00 25.27 1.78 1323 1.51 82.13 79.88 252.02 133.86 225 
114 BSl 1(30-5,)C3xB73 955:7941 6.49 60.53 23.70 1.86 13.16 1.53 81.90 79.06 24621 127.78 2.84 
115 BSl 1(30-S,)C4 x B73 955:7951 6.65 60.85 2335 1.05 9.55 1.30 81.51 78.77 246.26 12734 2.74 
116 BSl 1(30-5,)C5xB73 955:7961 63 5 60.50 22.87 0.59 11.15 1.63 80.99 79.20 248.04 127.15 1.79 
11 7 B73 x B97# 945:6359 8.09 61.46 21.56 1 23 8.06 4.11 81.44 78.60 266.59 133.15 2.84 
# = check hybrid. 
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Table Cl. (continued) 
Ent Line Source Yield Stand Moist Rtldg Skldg Dears Sildat Poldt Pltht Earht ASl 
118 PIONEER 3394# P3394 8.55 61.19 19.04 0.20 5.99 0.53 80.33 78.74 232.90 113.38 1.59 
119 PIONEER 3489# P3489 8.42 60.66 19.63 0.00 3.77 1.03 80.05 78.25 239.15 92.18 1.80 
120 DK580# DK580 8.60 60.31 17.89 0.00 4.24 0.84 79.11 77.70 223.19 106.74 1.42 
12 1 DK591# DK591 8.64 6132 19.39 0.23 7.41 0.15 80.75 78.63 240.10 116.61 2.11 
995 Experimental Mean 5.73 60.90 2338 1.80 14.25 1.93 82.26 79.12 243.71 125.42 3.14 
996 Minimum Mean 3.86 57.88 17.89 0.00 3.77 0.15 79.11 76.57 214.59 92.18 2.54 
997 Maximum Mean 8.64 61.95 26.26 5.99 26.83 5.81 87.08 82.03 266.59 149.14 5.05 
99 8 LSD(0.05) 5.40 1.69 1.11 2.29 4.98 2.18 1.15 1.07 6.28 5.80 0.07 
99 9 Variance of Mean 3.65 0 3 6 0.16 0.65 3.11 0.59 0.16 0.14 4.94 4.21 0.02 
# = commercial check hybrid. 
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Table C2. Combined mean data over six environments in the inbred entries (selfed populations) in 
the BS 11 maize populations for 11 agronomic traits.t 
Ent Line Source Yield Stand Moist Rtldg Skids Dears Pltht Earht Sildat Poldt ASI 
1 BSl 1C0 S, 91:S8076 2.83 57.54 2439 1.55 16.26 1.86 208.91 113.60 88.00 83.17 4.83 
2 BSl l(5-SI)CI S, 91:58416 3.11 60.13 23.16 SJ9 17.61 6.11 21822 113-23 86.67 82.17 4.50 
3 BSl l(5-S,)C2 S, 91:S8426 2.96 59.20 22.42 3.59 17-51 8.07 210.99 106.77 85.00 80.83 4.17 
4 BSl I(5-SI)C3 S, 91:58436 2.98 57.81 24.37 1.63 11.58 5.66 209.59 10225 87.83 82.17 5.67 
5 BSl 1(5-S,)C4 S, 91:58446 3.16 59.74 24.62 1.09 14.77 4.41 21123 106.14 8633 81.00 533 
6 BS11(5-S,)C5S, 95:56339 3.28 57.28 21.17 0.40 9.91 2.84 193.57 94.16 82.83 78.83 4.00 
7 BSl ICO S, 91:58076 2.64 58.27 24.11 1.97 13.27 328 211.86 115.75 8633 81.83 4.50 
8 BSl 1(10-Si)C1Si 91:58456 J 23 59.20 23.76 2.44 12.45 6.63 223-33 115.67 87.33 8233 5.00 
9 BSl l(IO-SI)C2SI 91:58466 3.71 60.20 23.79 2.86 1234 7.45 212.91 110.63 84.83 8133 3.50 
10 BSl 1(I0-S,)C3S, 91:58476 3.80 58.87 2333 2.12 8.94 3.70 21422 112.65 86.67 81.83 4.83 
11 BSl l(I0-ST)C4SI 91:58486 3.80 57.88 22.24 0.93 12.11 2.10 20434 101.10 85.50 8130 4.00 
12 BSl 1(10-SI)C5SI 95:56351 3.90 60.66 20.26 0.81 6-31 1.86 191.51 88.56 8233 79.67 2.67 
13 BSl 1C0 S, 91:58076 3.02 58.94 24.25 2.87 18.62 3.42 209.29 113.12 8733 82.33 5.00 
14 BSl 1(20-S,)C1S, 91:58226 3.72 58.81 23.51 0.52 16.22 3.15 202.87 106.08 84.33 80-33 4.00 
15 BSl l(20-SI)C2SI 91:58236 3.72 61.00 23.83 1-32 16.05 2.79 205.58 115.52 84.83 80.83 4.00 
16 BSl l(20-SI)C3SI 91:58246 3.80 60.60 23.13 0-27 8.10 1.10 194.17 95.81 84.00 79.50 4.50 
17 BS1I(20-S,)C4S, 91:58256 3.71 56.68 22.92 0.00 7.59 1.42 181.74 89.85 82.17 79.00 3.17 
18 BSl l(20-S,)C5S, 95:56364 3.93 60.47 22.16 0.00 5.14 1.97 18631 87.42 82.00 77.33 4.67 
19 BSl 1C0 S, 91 58076 3.20 57.88 23.69 0.92 11.63 2.94 208.70 110.88 89.50 83.00 6.50 
20 BSl l(30-SI)C!SI 91 58496 3.60 59.54 24.84 3.83 1629 5.56 214.75 113.47 86.83 82.00 4.83 
21 BSl 1(30-S,)C2S, 91:58506 3.78 59.20 23.88 2.28 15.18 4.06 207.25 108.86 85.00 80.50 4.50 
22 BSl l(30-SI)C3SI 91:58516 3.81 58.47 23.53 0.54 11.54 3.61 199-31 103.03 83.17 80.83 2.33 
23 BSI1(30-S,)C4S, 91:58526 4.06 6020 22.97 0.94 9.00 4.04 201.91 99.42 83.83 79J3 4.50 
24 BSIl(30-S,)C5S,tt 95:56376 2.71 57.94 23.48 2.54 15.16 4.90 208.41 110.09 89.17 82-33 6.83 
101 Experiment Mean 3.43 59.02 23-33 1.71 12.65 3.87 205.46 105.59 85.49 81.00 4.49 
102 Maximum Mean 4.06 61.00 24.84 5.59 17-51 8.07 223-33 115.75 89.50 83.17 633 
103 Minimum Mean 2.64 56.68 20.26 0.00 5.14 1.10 181.74 87.42 82.17 77.33 4.84 
104 Variance of Mean 3J4 22J0 3.77 8.75 63.81 27.82 107.07 79.60 7.79 1.15 6.64 
105 R-Square 0.88 0.47 0.79 0.50 0.86 0.79 0.80 0.77 0.75 0.91 
t Ent = entry number, Line = germplasm, Source = year germplasm produced, 
Yield = grain yield (Mg ha"1), Stand = stand count (1000 ha ), Moist = grain moisture 
(g kg"1), Dears = dropped ears (%), Rtldg = root lodging (%), Sildat = days to mid-silk, 
Poldt = days to mid-pollen shed, Pltht = plant height (cm), Earht = ear height (cm), 
ASI = anthesis-silking interval (days). 
ft same as CO, therefore not included in the estimates of the response to selection. 
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APPENDIX D. MATRIX TABLES OF POPULATIONS FOR RESPONSE 
TO SELECTION AND GENETIC PARAMETERS 
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Table Dl. Matrix of populations per se and populations top-crossed to BSl ICO for estimating 
response to selection. 
Env Ent Line b 5S, b 10S, b 20S, b 30S, b 5S.C0 b 10S,C0 b 20S,C0 b 30S.C0 
10569 1 BSl 1C0 0 0 0 0 0 0 0 0 
10569 2 BS11(5-S,)CI I 0 0 0 0 0 0 0 
10569 3 BSl 1(5-S,)C2 2 0 0 0 0 0 0 0 
10569 4 BSl 1(5-S,)C3 3 0 0 0 0 0 0 0 
10569 5 BSl 1(5-S,)C4 4 0 0 0 0 0 0 0 
10569 6 BS11(5-S,)C5 5 0 0 0 0 0 0 0 
10569 8 BS11(10-S,)C1 0 I 0 0 0 0 0 0 
10569 9 BSl 1(10-S,)C2 0 2 0 0 0 0 0 0 
10569 10 BS11(10-S,)C3 0 3 0 0 0 0 0 0 
10569 11 BS11(10-S,)C4 0 4 0 0 0 0 0 0 
10569 12 BSl I(10-S,)C5 0 5 0 0 0 0 0 0 
10569 14 BSll(20-S,)Cl 0 0 1 0 0 0 0 0 
10569 15 BSl 1(20-S,)C2 0 0 2 0 0 0 0 0 
10569 16 BS11(20-S,)C3 0 0 3 0 0 0 0 0 
10569 17 BSl 1(20-S,)C4 0 0 4 0 0 0 0 0 
10569 18 BS11(20-S,)C5 0 0 5 0 0 0 0 0 
10569 20 BSl 1(30-S,)CI 0 0 0 1 0 0 0 0 
10569 21 BSl 1(30-S,)C2 0 0 0 2 0 0 0 0 
10569 22 BS11(30-S,)C3 0 0 0 3 0 0 0 0 
10569 23 BSl l(30-Si)C4 0 0 0 4 0 0 0 0 
10569 24 BSI1(30-S,)C5 0 0 0 5 0 0 0 0 
10569 26 BSllC0xBSll(5-S,)Cl 0 0 0 0 1 0 0 0 
10569 27 BSl 1C0 x BSl 1(5-S,)C3 0 0 0 0 3 0 0 0 
10569 28 BSIlC0xBSll(5-S,)C5 0 0 0 0 5 0 0 0 
10569 30 BSUC0xBSll(10-S,)Cl 0 0 0 0 0 1 0 0 
10569 31 BSlIC0xBSll(10-S,)C3 0 0 0 0 0 3 0 0 
10569 32 BSl ICO x BSl 1(10-S,)C5 0 0 0 0 0 5 0 0 
10569 34 BSl 1C0 x BSl 1(20-S,)C1 0 0 0 0 0 0 1 0 
10569 35 BSl 1C0 x BSl 1(20-S,)C3 0 0 0 0 0 0 3 0 
10569 36 BSl 1C0 x BSl 1(20-S,)C5 0 0 0 0 0 0 5 0 
10569 38 BSl 1C0 x BS1I(30-S,)C1 0 0 0 0 0 0 0 1 
10569 39 BSl 1C0 x BSl 1(30-S,)C3 0 0 0 0 0 0 0 3 
10569 40 BSl 1C0 x BSl 1(30-S,)C5 0 0 0 0 0 0 0 5 
Env = environment, Ent = entry, Line = germplasm. 
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Table D2. Matrix of populations top-crossed to B97 for estimating 
response to selection. 
Env Entry Line b 5S, b 10S, b 20S, b 30S, 
70569 69 BSl 1C0 x B97 0 0 0 0 
70569 70 BS11(5-S,)C1 xB97 1 0 0 0 
70569 71 BSl 1(5-S|)C2 x B97 2 0 0 0 
70569 72 BSl 1(5-S,)C3 x B97 3 0 0 0 
70569 73 BSl 1(5-S,)C4 x B97 4 0 0 0 
70569 74 BSl 1(5-S,)C5 x B97 5 0 0 0 
70569 76 BSl l(10-S,)Cl x B97 0 1 0 0 
70569 77 BSll(10-S,)C2xB97 0 2 0 0 
70569 78 BS11(10-S,)C3 xB97 0 3 0 0 
70569 79 BSl 1(10-S,)C4 x B97 0 4 0 0 
70569 80 BSl 1(10-S|)C5 x B97 0 5 0 0 
70569 82 BS11(20-S,)C1 x B97 0 0 1 0 
70569 83 BSl 1(20-S,)C2 x B97 0 0 2 0 
70569 84 BSl 1(20-S,)C3 x B97 0 0 3 0 
70569 85 BSl l(20-S,)C4 x B97 0 0 4 0 
70569 86 BSl 1(20-S,)C5 x B97 0 0 5 0 
70569 88 BS11(30-S,)C1 x B97 0 0 0 1 
70569 89 BSl 1(30-S,)C2 x B97 0 0 0 2 
70569 90 BSl 1(30-S,)C3 x B97 0 0 0 3 
70569 91 BSl 1(30-S,)C4 x B97 0 0 0 4 
70569 92 BS11(30-S,)C5 x B97 0 0 0 5 
Env = environment, Line = germplasm. 
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Table D3. Matrix of populations top-crossed to B73 for 
estimating response to selection. 
Env Entry Line b 5S f  b 10S, B 20S, b 30S, 
70569 93 BSl 1C0 x B73 0 0 0 0 
70569 94 BSlt(5-Si)Cl x B73 1 0 0 0 
70569 95 BSl 1(5-S,)C2 x B73 2 0 0 0 
70569 96 BSl l(5-St)C3 x B73 3 0 0 0 
70569 97 BSl 1(5-S,)C4 x B73 4 0 0 0 
70569 98 BSl 1(5-S,)C5 x B73 5 0 0 0 
70569 100 BSll(10-S,)CI xB73 0 I 0 0 
70569 101 BSl 1(10-S,)C2 x B73 0 2 0 0 
70569 102 BSl l(10-Si)C3 x B73 0 3 0 0 
70569 103 BSl 1(10-S|)C4 x B73 0 4 0 0 
70569 104 BSl 1(10-S,)C5 x B73 0 5 0 0 
70569 106 BSl 1(20-S,)C1 x B73 0 0 1 0 
70569 107 BSl 1 (20-S,)C2 x B73 0 0 2 0 
70569 108 BSl 1(20-S,)C3 x B73 0 0 3 0 
70569 109 BSl 1(20-S,)C4 x B73 0 0 4 0 
70569 110 BSl 1(20-S|)C5 x B73 0 0 5 0 
70569 112 BSI1(30-S,)C1 xB73 0 0 0 1 
70569 113 BSl l(30-S,)C2 x B73 0 0 0 2 
70569 114 BSl I(30-S,)C3 x B73 0 0 0 3 
70569 115 BSl 1(30-S,)C4 x B73 0 0 0 4 
70569 116 BSl I(30-S|)C5 x B73 0 0 0 5 
Env = environment, Line = germplasm. 
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Table D4. Matrix of selfed populations for estimating 
response to selection. 
Env Entry Line b 5S, b 10S, B 20S, b 30S, 
70570 1 BSl ICO S, 0 0 0 0 
70570 2 BSl 1(5-S|)C1 S, 1 0 0 0 
70570 3 BSI1(5-S,)C2S, 2 0 0 0 
70570 4 BS11(5-S,)C3 S, 3 0 0 0 
70570 5 BS1I(5-S,)C4S, 4 0 0 0 
70570 6 BSl l(5-S,)C5 S, 5 0 0 0 
70570 7 BSl I(10-S|)C1 S, 0 1 0 0 
70570 8 BSl l(10-Si)C2 S, 0 2 0 0 
70570 9 BSll(10-S,)C3 S, 0 3 0 0 
70570 10 BS11(10-S,)C4S, 0 4 0 0 
70570 11 BSl 1(10-S,)C5 S, 0 5 0 0 
70570 12 BS1I(20-S,)CI S, 0 0 1 0 
70570 13 BSI1(20-S,)C2 S, 0 0 2 0 
70570 14 BSU(20-S,)C3 S, 0 0 3 0 
70570 15 BSII(20-S,)C4S, 0 0 4 0 
70570 16 BSl 1(20-S,)C5 S, 0 0 5 0 
70570 17 BSl I(30-S,)C1 S, 0 0 0 1 
70570 18 BS1I(30-S,)C2S, 0 0 0 2 
70570 19 BS11(30-S,)C3 S, 0 0 0 3 
70570 20 BS1I(30-S,)C4S, 0 0 0 4 
70570 21 BSl 1(30-S,)C5 S, 0 0 0 5 
En = environment, Line = germplasm. 
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Table D5. Matrix of genetic parameters for populations per se, BSl ICO x CI of populations, diallel cross 
among CO, C3, and C5 of populations, and populations selfs. 
BSl ICO BSIKS-S.) BSl l(IO-Si) BSIK20-S,) BSIH30-S.) (5x10) (5x20) (5x30) (10x20) (10x30) (20x30) 
Genetic Parameter t 
Line AOI DOI ALI DU DÇ1 AU DU DOI AU DU DOI AU DU DOI Hoir Hoir Hoir HOT Hoir HÇI 
BSl !C0 I 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
BSl l(5-Si)CI 1 2 2 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
BSl l(5-Si)C2 I 2 4 4 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
BSl 1(5-S|)C3 1 2 6 6 18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
BSl l(S-Si)C4 1 2 8 8 32 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
BSl l(5-S,)C5 1 2 10 10 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
BSl I(IO-Si)Cl 1 2 0 0 0 2 2 2 0 0 0 0 0 0 0 0 0 0 0 0 
BSl l(IO-Si)C2 1 2 0 0 0 4 4 8 0 0 0 0 0 0 0 0 0 0 0 0 
BSl l(10-Si)C3 1 2 0 0 0 6 6 18 0 0 0 0 0 0 0 0 0 0 0 0 
BSl I(I0-S|)C4 1 2 0 0 0 8 8 32 0 0 0 0 0 0 0 0 0 0 0 0 
BSII(I0-S,)C5 I 2 0 0 0 10 10 50 0 0 0 0 0 0 0 0 0 0 0 0 
BSl l(20-S,)CI 1 2 0 0 0 0 0 0 2 2 2 0 0 0 0 0 0 0 0 0 
BSl l(20-Si)C2 1 2 0 0 0 0 0 0 4 4 8 0 0 0 0 0 0 0 0 0 
BSl l(20-S,)C3 I 2 0 0 0 0 0 0 6 6 18 0 0 0 0 0 0 0 0 0 
BSl l(20-S,)C4 1 2 0 0 0 0 0 0 8 8 32 0 0 0 0 0 0 0 0 0 
BSl l(20-S,)C5 1 2 0 0 0 0 0 0 10 10 50 0 0 0 0 0 0 0 0 0 
BS1I(30-S,)C1 1 2 0 0 0 0 0 0 0 0 0 2 2 2 0 0 0 0 0 0 
BSl l(30-Si)C2 1 2 0 0 0 0 0 0 0 0 0 4 4 8 0 0 0 0 0 0 
BSl 1(30-S,)C3 1 2 0 0 0 0 0 0 0 0 0 6 6 18 0 0 0 0 0 0 
BSl l(30-Si)C4 1 2 0 0 0 0 0 0 0 0 0 8 8 32 0 0 0 0 0 0 
BSl 1(30-5,)C5 1 2 0 0 0 0 0 0 0 0 0 10 10 50 0 0 0 0 0 0 
BSl ICO x BSl 1($-S,)CI 1 2 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
BSl ICO x BSl l(5-S,)C3 1 2 3 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
BSl ICO x BSl 1(5-5,)C5 1 2 5 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
BSIICOxBSII(IO-S,)CI 1 2 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
BSl ICO x BSl 1(10-5,)C3 1 2 0 0 0 3 3 0 0 0 0 0 0 0 0 0 0 0 0 0 
BSl ICO x BSl I(I0-S,)C5 1 2 0 0 0 5 5 0 0 0 0 0 0 0 0 0 0 0 0 0 
BSl ICO x BSl 1(20-5,)C1 1 2 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
BSl ICO x BSl l(20-S,)C3 1 2 0 0 0 0 0 0 3 3 0 0 0 0 0 0 0 0 0 0 
BSl ICO x BSl 1(20-S,)C5 0 0 0 0 0 0 5 5 0 0 0 0 0 0 0 0 0 0 
BSl ICO x BSl I(30-S,)C1 1 2 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 
BSl ICO x BSl 1(30-5,)C3 1 2 0 0 0 0 0 0 0 0 0 3 3 0 0 0 0 0 0 0 
BSl ICO x BSl l(30-S,)C5 1 2 0 0 0 0 0 0 0 0 0 5 5 0 0 0 0 0 0 0 
BSl l($-SI)C3 x BSl 1(5-S,)C5 1 2 8 8 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
BSl I(5-S1)C3 x BSl I(I0-S,)C3 1 2 3 3 0 3 3 0 0 0 0 0 0 0 18 0 0 0 0 0 
BSl 1(5-SI)C3 x BSl 1(10-S,)C5 1 2 3 3 0 S 5 0 0 0 0 0 0 0 30 0 0 0 0 0 
BSl I(5-S1)C3 x BSl l(20-S,)C3 1 2 3 3 0 0 0 0 3 3 0 0 0 0 0 18 0 0 0 0 
BSl 1(5-SI)C3 x BSl 1(20-S,)C5 1 2 3 3 0 0 0 0 5 5 0 0 0 0 0 30 0 0 0 0 
BSl K5-SDC3 x BSl l(30-Si)C3 1 2 3 3 0 0 0 0 0 0 0 3 3 0 0 0 18 0 0 0 
t Genetic parameter description is in APPENDIX B. 
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Table D5. (continued) 
BSl ICO BSl l(S-Si) BSl l(IO-Si) BSl K2Q-S,) BS1K30-S.) (5x10) (5x20) (5x30) (10x20) (10x301 (20x30) 
Genetic Parameter t 
Une AOI DOI AU DU Dpi AU DU DÇl AU DU Dpi AU DU Dpi HOT Hoir Hon- Hoir Hoir Hoir 
BSl l(5-S,)C3 x BSl l(30-S,)C5 l 2 3 3 0 0 0 0 0 0 0 5 5 0 0 0 30 0 0 0 
BSl l(5-S,)C5 x BSl l(IO-S,)C3 1 2 5 5 0 3 3 0 0 0 0 0 0 0 30 0 0 0 0 0 
BSl l(5-S,)C5 x BSl 1(I0-S,)C5 I 2 5 5 0 5 5 0 0 0 0 0 0 0 50 0 0 0 0 0 
BSl 1(5-S,)C5 x BSl l(20-S,)C3 1 2 5 5 0 0 0 0 3 3 0 0 0 0 0 30 0 0 0 0 
BSl 1(5-S,)C5 x BSl 1(20-S,)C5 1 2 5 5 0 0 0 0 5 5 0 0 0 0 0 50 0 0 0 0 
BSl 1(5-S,)C5 x BSl l(30-Si)C3 1 2 5 5 0 0 0 0 0 0 0 3 3 0 0 0 30 0 0 0 
BSl l(S-S,)C5 x BSl I(30-S,)C5 1 2 5 5 0 0 0 0 0 0 0 5 5 0 0 0 50 0 0 0 
BSl I(I0-S,)C3 x BSl I(I0-S,)C5 1 2 0 0 0 8 8 30 0 0 0 0 0 0 0 0 0 0 0 0 
BSl 1(I0-S,)C3 x BSl l(20-S,)C3 1 2 0 0 0 3 3 0 3 3 0 0 0 0 0 0 0 18 0 0 
BSl l(10-S,)C3 x BSl 1(20-S,)C5 1 2 0 0 0 3 3 0 5 5 0 0 0 0 0 0 0 30 0 0 
BSl 1(10—S,)C3 x BSl l(30-S,)0 1 2 0 0 0 3 3 0 0 0 0 3 3 0 0 0 0 0 18 0 
BSl !(10-S|)C3 X BSl 1(30-S,)C5 1 2 0 0 0 3 3 0 0 0 0 S 5 0 0 0 0 0 30 0 
BSl I(I0-S,)C5 x BSl l(20-S,)C3 1 2 0 0 0 5 5 0 3 3 0 0 0 0 0 0 0 30 0 0 
BSl 1(10-S,)C5 x BSl 1(20-S,)C5 1 2 0 0 0 5 5 0 5 5 0 0 0 0 0 0 0 50 0 0 
BSl 1(10-5,)C5 x BSl 1(30-5,)C3 1 2 0 0 0 5 5 0 0 0 0 3 3 0 0 0 0 0 30 0 
BSl 1(10-S,)C5 x BSl 1(30-5,)C5 1 2 0 0 0 5 5 0 0 0 0 5 5 0 0 0 0 0 50 0 
BSl 1(20-5,)C3 x BSl 1(20-S,)C5 1 2 0 0 0 0 0 0 8 8 30 0 0 0 0 0 0 0 0 0 
BSl 1(20-5,)C3 x BSl 1(30-5,)C3 1 2 0 0 0 0 0 0 3 3 0 3 3 0 0 0 0 0 0 18 
BSl l(20-S,)C3 x BSl 1(30-5,)C5 1 2 0 0 0 0 0 0 3 3 0 5 5 0 0 0 0 0 0 30 
BSl l(20-S,)C5 x BSl l(30-S,|C3 1 2 0 0 0 0 0 0 5 5 0 3 3 0 0 0 0 0 0 30 
BSl 1(20-5,)C5 x BSl 1(30-S,)C5 1 2 0 0 0 0 0 0 5 5 0 5 5 0 0 0 0 0 0 50 
BSl l(30-S,)C3 x BSl 1(30-5,)C5 1 2 0 0 0 0 0 0 0 0 0 8 8 30 0 0 0 0 0 0 
BSl ICO S, 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
BSl 1(5-S,)C1 S, 1 1 2 1 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
BSl l(5-S,)C2 S, 1 1 4 2 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
BSl 1(5-5,)C3 S, I 1 6 3 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
BSl 1(5-S,)C4 S, 1 1 8 4 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
BSl 1(5-5,)C5 S, 1 1 10 5 25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
BSl 1(10-S,)C 1 S, 1 1 0 0 0 2 I 1 0 0 0 0 0 0 0 0 0 0 0 0 
BSU(10-S,)C2 S, I 1 0 0 0 4 2 4 0 0 0 0 0 0 0 0 0 0 0 0 
BSl l(IO-S,)C3 S, 1 1 0 0 0 6 3 9 0 0 0 0 0 0 0 0 0 0 0 0 
BSl 1(I0-S,)C4 Si 1 1 0 0 0 8 4 16 0 0 0 0 0 0 0 0 0 0 0 0 
BSl l(10-S,)CS S, 1 1 0 0 0 10 5 25 0 0 0 0 0 0 0 0 0 0 0 0 
BSl 1(20-5,)CI S, 1 1 0 0 0 0 0 0 2 l 1 0 0 0 0 0 0 0 0 0 
BSl 1(20-5,)C2 S, 1 1 0 0 0 0 0 0 4 2 4 0 0 0 0 0 0 0 0 0 
BSl 1(20-S,)C3 S, 1 1 0 0 0 0 0 0 6 3 9 0 0 0 0 0 0 0 0 0 
BSl l(20-S,)C4 S, l l 0 0 0 0 0 0 8 4 16 0 0 0 0 0 0 0 0 0 
BSl l(20-Si)C5 S, 1 1 0 0 0 0 0 0 10 5 25 0 0 0 0 0 0 0 0 0 
BSl I(30-S,)C1 S, 1 1 0 0 0 0 0 0 0 0 0 2 1 1 0 0 0 0 0 0 
BSl l(30-S,)C2 S, 1 1 0 0 0 0 0 0 0 0 0 4 2 4 0 0 0 0 0 0 
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Table D5. (continued) 
BSl ICO BSIK5-S,) BSIKIO-S,) BSIU20-S,) BSIK30-S,) 0 
1
 (5x20) (5x30) (10x20) (10x30) (20x301 
Generic Parameter t 
Line AOI DOI ALI DU DOI AU DU DQI AU DU DOI AU DU DOI Hon- Hoir Hoir HQir HOU* HQir 
BSl i(30-S,)C3 S, 1 1 0 0 0 0 0 0 0 0 0 6 3 9 0 0 0 0 0 0 
BSl l(30-S,)C4 S, 1 1 0 0 0 0 0 0 0 0 0 8 4 16 0 0 0 0 0 0 
BSl l(30-Si)C5 S, 1 1 0 0 0 0 0 0 0 0 0 10 5 25 0 0 0 0 0 0 
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APPENDIX E. COMPARISON BETWEEN B VALUES 
OF SELECTION RESPONSE AND GENETIC EFFECTS 
IN THE EFFECTIVE POPULATION SIZES 
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Table El. Matrix of differences between b-values of selection response for grain yield 
(Mg ha"1) in four effective population sizes of populations per se, populations 
top-cross to CO, B97, and B73, and populations selfs in the BSl 1 maize 
population. 
Effective 
Population Population Standard 
Type Size Difference Error (±) T-Value Probability 
Populations per se 5 vs 10 -0.2049 0.0364 -5.6262 0.0000 
5 vs 20 -0.2071 0.0364 -5.6853 0.0000 
5 vs 30 -0.2947 0.0364 -8.0910 0.0000 
10 vs20 -0.0022 0.0364 -0.0592 0.9529 
10 vs 30 -0.0898 0.0364 -2.4649 0.0140 
20 vs 30 -0.0876 0.0364 -2.4057 0.0165 
Populations x CO 5 vs 10C0 -0.0679 0.0457 -1.4869 0.1377 
5 vs 20C0 -0.0091 0.0457 0.1983 0.8429 
5 vs 30C0 -0.1033 0.0457 -2.2630 0.0241 
10 vs 20C0 0.0769 0.0457 1.6851 0.0926 
10 vs 30C0 -0.0354 0.0457 -0.7761 0.4380 
20 vs 30C0 -0.1124 0.0457 -2.4613 0.0142 
Populations x B97 5 vs 10 -0.0455 0.0364 -1.2495 0.2121 
5 vs 20 -0.0466 0.0364 -1.2803 0.2010 
5 vs 30 -0.0710 0.0364 -1.9488 0.0519 
10 vs 20 -0.0011 0.0364 -0.0308 0.9754 
10 vs 30 -0.0255 0.0364 -0.6992 0.4847 
20 vs 30 -0.0243 0.0364 -0.6684 0.5042 
Populations x B73 5 vs 10 0.0662 0.0364 1.8179 0.0697 
5 vs 20 -0.0328 0.0364 -0.8995 0.3688 
5 vs 30 0.0859 0.0364 2.3571 0.0188 
10 vs 20 -0.0990 0.0364 -2.7174 0.0068 
10 vs30 0.0196 0.0364 0.5393 0.5899 
20 vs 30 0.1186 0.0364 3.2566 0.0012 
Populations selfs 5 vs 10 -0.1767 0.0268 -6.6052 0.0000 
5 vs 20 -0.1815 0.0268 -6.7829 0.0000 
5 vs 30 -0.2510 0.0320 -7.8432 0.0000 
10 vs 20 -0.0048 0.0268 -0.1777 0.8590 
10 vs 30 -0.0742 0.0320 -2.3202 0.0207 
20 vs 30 -0.0695 0.0320 -2.1717 0.0304 
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Table E2. Matrix of differences between b-values of selection response for stand (1000 
plants ha'1) in four effective population sizes of populations per se, populations 
top-cross to CO, B97, and B73, and populations selfs in the BSl 1 maize 
population. 
Effective 
Population Population Standard 
Type Size Difference Error (±) T-Value Probability 
Populations per se 5 vs 10 -0.0070 0.1141 -0.0611 0.9513 
5 vs 20 0.0536 0.1141 0.4698 0.6387 
5 vs 30 0.0933 0.1141 0.8174 0.4141 
10 vs 20 0.0606 0.1141 0.5309 0.5958 
10 vs 30 0.1003 0.1141 0.8785 0.3801 
20 vs 30 0.0397 0.1141 0.3476 0.7283 
Populations x CO 5 vs 10C0 0.0214 0.1431 0.1499 0.8809 
5 vs 20C0 0.0999 0.1431 0.6984 0.4853 
5 vs 30C0 -0.0068 0.1431 -0.0472 0.9624 
10 vs20C0 0.0785 0.1431 0.5485 0.5836 
10 vs 30C0 -0.0282 0.1431 -0.1971 0.8439 
20 vs 30C0 -0.1067 0.1431 -0.7456 0.4563 
Populations x B97 5 vs 10 -0.0892 0.1141 -0.7812 0.4351 
5 vs 20 -0.1199 0.1141 -1.0502 0.2947 
5 vs 30 0.0253 0.1141 0.2216 0.8247 
10 vs 20 -0.0307 0.1141 -0.2690 0.7880 
10 vs 30 0.1145 0.1141 1.0028 0.3164 
20 vs 30 0.1452 0.1141 1.2719 0.2040 
Populations x B73 5 vs 10 0.0307 0.1141 0.2686 0.7883 
5 vs 20 -0.0283 0.1141 -0.2475 0.8046 
5 vs 30 0.1544 0.1141 1.3528 0.1767 
10 vs 20 -0.0589 0.1141 -0.5162 0.6060 
10 vs 30 0.1237 0.1141 1.0842 0.2788 
20 vs 30 0.1827 0.1141 1.6003 0.1102 
Populations selfs 5 vs 10 -0.2498 0.2122 -1.1770 0.2398 
5 vs 20 -0.2607 0.2122 -1.2281 0.2200 
5 vs 30 -0.2883 0.2538 -1.1359 0.2566 
10 vs 20 -0.0109 0.2122 -0.0512 0.9592 
10 vs30 -0.0385 0.2538 -0.1517 0.8795 
20 vs 30 -0.0277 0.2538 -0.1090 0.9133 
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Table E3. Matrix of differences between b-values of selection response for grain moisture 
(g kg"') in four effective population sizes of populations per se, populations top-
cross to CO, B97, and B73, and populations selfs in the BSl 1 maize population. 
Effective 
Population Population Standard 
Type Size Difference Error (±) T-Value Probability 
Populations per se 5 vs 10 5.1690 0.2376 21.7580 0.0000 
5 vs 20 1.5641 0.2376 6.5840 0.0000 
5 vs 30 2.7840 0.2376 11.7187 0.0000 
10 vs 20 -3.6048 0.2376 -15.1741 0.0000 
10 vs 30 -2.3850 0.2376 -10.0393 0.0000 
20 vs 30 1.2198 0.2376 5.1347 0.0000 
Populations x CO 5 vs 10C0 0.4983 0.2979 1.6734 0.0949 
5 vs 20C0 0.3390 0.2979 1.1385 0.2555 
5 vs 30C0 -0.8045 02979 -2.7014 0.0071 
10 vs20C0 -0.1593 0.2979 -0.5349 0.5930 
10 vs 30C0 -13028 0.2979 -4.3747 0.0000 
20 vs 30C0 -1.1435 0.2979 -3.8398 0.0001 
Populations x B97 5 vs 10 1.3026 0.2376 5.4832 0.0000 
5 vs 20 0.7936 0.2376 3.3407 0.0009 
5 vs 30 -0.3850 0.2376 -1.6204 0.1058 
10 vs20 -0.5090 0.2376 -2.1425 0.0326 
10 vs30 -1.6876 0.2376 -7.1036 0.0000 
20 vs 30 -1.1786 0.2376 -4.9611 0.0000 
Populations x B73 5 vs 10 2.8496 02376 11.9951 0.0000 
5 vs 20 2.6644 0.2376 11.2155 0.0000 
5 vs 30 2.1773 0.2376 9.1652 0.0000 
10 vs 20 -0.1852 0.2376 -0.7797 0.4360 
10 vs 30 -0.6723 0.2376 -2.8300 0.0048 
20 vs 30 -0.4871 0.2376 -2.0503 0.0409 
Populations selfs 5 vs 10 2.5131 0.2759 9.1091 0.0000 
5 vs 20 0.4263 0.2759 1.5450 0.1230 
5 vs 30 -0.8197 0.3300 -2.4841 0.1033 
10 vs20 -2.0869 0.2759 -7.5641 0.0000 
10 vs 30 -3.3228 0.3300 -10.1007 0.0000 
20 vs 30 -1.2459 0.3300 -3.7760 0.0002 
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Table E4. Matrix of differences between b-values of selection response for root lodging 
(%) in four effective population sizes of populations per se, populations top-
cross to CO, B97, and B73, and populations selfs in the BSl 1 maize population. 
Effective 
Population Population Standard 
Type Size Difference Error (±) T-Value Probability 
Populations per se 5 vs 10 02480 0.5141 1.6096 0.1081 
5 vs 20 0.506. 0.5141 3.2857 0.0011 
5 vs 30 0.1037 0.5141 0.6732 0.5011 
10 vs 20 02583 0.5141 1.6760 0.0944 
10 vs30 -0.1443 0.5141 -0.9364 0.3495 
20 vs 30 -0.4026 0.5141 -2.6125 0.0093 
Populations x CO 5 vs I0C0 -0.0806 0.1932 -0.4173 0.6766 
5 vs 20C0 -0.0047 0.1932 -0.0245 0.9805 
5 vs 30C0 0.1007 0.1932 0.5215 0.6022 
10 vs20C0 0.0759 0.1932 0.3928 0.6946 
10 vs 30C0 0.1814 0.1932 0.9388 0.3483 
20 vs 30C0 0.1055 0.1932 0.5460 0.5853 
Populations x B97 5 vs 10 -0.0926 0.1541 -0.6011 0.5480 
5 vs 20 -0.0134 0.1541 -0.0870 0.9307 
5 vs 30 0.0327 0.1541 0.2123 0.8319 
10 vs 20 0.0792 0.1541 0.5141 0.6074 
10 vs 30 0.1254 0.1541 0.8135 0.4163 
20 vs 30 0.0461 0.1541 02994 0.7648 
Populations x B73 5 vs 10 0.3201 0.1541 2.0772 0.0383 
5 vs 20 0.5302 0.1541 3.4406 0.0006 
5 vs 30 02979 0.1541 1.9329 0.0538 
10 vs 20 02101 0.1541 1.3634 0.1734 
10 vs 30 -0.0222 0.1541 -0.1442 0.8854 
20 vs 30 -02323 0.1541 -1.5076 0.1323 
Populations selfs 5 vs 10 0.0305 0.1330 0.2296 0.8185 
5 vs 20 0.3645 0.1330 0.7414 0.0063 
5 vs 30 0.1433 0.1330 0.9013 0.3679 
10 vs 20 0.3340 0.1330 2.5118 0.0123 
10 vs 30 0.1128 0.1330 0.7093 0.4785 
20 vs 30 -0.2212 0.1330 -1.3909 0.1649 
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Table E5. Matrix of differences between b-values of selection response for stalk lodging 
(%) in four effective population sizes of populations per se, populations top-
cross to CO, B97, and B73, and populations selfs in the BSl 1 maize 
population. 
Effective 
Population Population Standard 
Type Size Difference Error (±) T-Value Probability 
Populations per se 5 vs 10 0.5166 0.3361 1.5371 0.1249 
5 vs 20 1.5076 0.3361 4.4858 0.0000 
5 vs 30 0.2483 0.3361 0.7388 0.4604 
10 vs20 0.9910 0.3361 2.9486 0.0033 
10 vs 30 -0.2683 0.3361 -07983 0.4251 
20 vs 30 -1.2593 0.3361 -3.7470 0.0002 
Populations x CO 5 vs10C0 0.3147 0.4213 0.7470 0.4554 
5 vs 20C0 0.2342 0.4213 0.5559 0.5785 
5 vs 30C0 -0.0948 0.4213 -0.2251 0.8220 
10 vs 20C0 -0.0805 0.4213 -0.1910 0.8486 
10 vs 30C0 -0.4095 0.4213 -0.9721 0.3315 
20 vs 30C0 -0.3290 0.4213 -0.7810 0.4352 
Populations x B97 5 vs 10 0.0077 0.3361 0.0230 0.9817 
5 vs 20 0.3149 0.3361 0.9368 0.3493 
5 vs 30 0.1747 0.3361 0.5197 0.6035 
10 vs20 0.3071 0.3361 0.9139 0.3612 
10 vs 30 0.1669 0.3361 0.4968 0.6196 
20 vs 30 -0.1402 0.3361 -0.4171 0.6768 
Populations x B73 5 vs 10 0.5132 0.3361 1.5271 0.1274 
5 vs 20 1.1155 0.3361 3.3191 0.0010 
5 vs 30 0.6896 0.3361 2.0519 0.0407 
10 vs20 0.6022 0.3361 1.7920 0.0737 
10 vs30 0.1764 0.3361 0.5248 0.5999 
20 vs 30 -0.4259 0.3361 -1.2671 0.2057 
Populations selfs 5 vs 10 0.9463 0.3590 2.6356 0.0087 
5 vs 20 1.2234 0.3590 3.4075 0.0007 
5 vs 30 0.6505 0.4294 1.5150 0.1304 
10 vs20 0.2771 0.3590 0.7718 0.4406 
10 vs 30 -0.2958 0.4294 -0.6888 0.4913 
20 vs 30 -0.5729 0.4294 -1.3341 0.1828 
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Table E6. Matrix of differences between b-values of selection response for dropped ear (%) 
in four effective population sizes of populations per se, populations top-crass to CO, 
B97, and B73, and populations selfs in the BS11 maize population. 
Effective 
Population Population Standard 
Type Size Difference Error (±) T-Value Probability 
Populations per se 5 vs 10 0.4161 0.1469 2.8332 0.0048 
5 vs 20 0.3753 0.1469 2.5549 0.1009 
5 vs 30 0.2774 0.1469 1.8884 0.0595 
10 vs20 -0.0409 0.1469 -0.2782 0.7810 
10 vs 30 -0.1388 0.1469 -0.9448 0.3452 
20 vs 30 -0.0979 0.1469 -0.6665 0.5054 
Populations x CO 5 vs 10C0 0.1368 0.1841 0.7429 0.4579 
5 vs 20C0 0.2827 0.1841 1.5354 0.1253 
5 vs 30C0 -0.0160 0.1841 -0.0867 0.9309 
10 vs 20C0 0.1459 0.1841 0.7924 0.4285 
10 vs30C0 -0.1528 0.1841 -0.8297 0.4071 
20 vs 30C0 -0.2987 0.1841 -1.6221 0.1054 
Populations x B97 5 vs 10 -0.0521 0.1469 -0.3549 0.7228 
5 vs 20 0.0407 0.1469 0.2772 0.7817 
5 vs 30 0.1069 0.1469 0.7275 0.4672 
10 vs20 0.0929 0.1469 0.6322 0.5276 
10 vs 30 0.1590 0.1469 1.0824 0.2796 
20 vs 30 0.0661 0.1469 0.4503 0.6527 
Populations x B73 5 vs 10 0.2633 0.1469 1.7929 0.0736 
5 vs 20 0.2586 0.1469 1.7605 0.0789 
5 vs 30 0.1840 0.1469 1.2524 0.2110 
10 vs 20 -0.0048 0.1469 -0.0324 0.9741 
10 vs 30 -0.0794 0.1469 -0.5405 0.5891 
20 vs 30 -0.0746 0.1469 -0.5081 0.6116 
Populations selfs 5 vs 10 0.3776 0.2371 1.5926 0.1119 
5 vs 20 0.7910 0.2371 3.3364 0.0009 
5 vs 30 0.2142 0.2835 0.7556 0.4502 
10 vs 20 0.4134 0.2371 1.7438 0.0818 
10 vs 30 -0.1633 0.2835 -0.5761 0.5648 
20 vs 30 -0.5767 0.2835 -2.0341 0.0425 
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Table E7. Matrix of differences between b-values of selection response for plant height 
(cm) in four effective population sizes of populations per se, populations top-
cross to CO, B97, and B73, and populations selfs in the BS11 maize 
population. 
Effective 
Population Population Standard 
Type Size Difference Error (±) T-Value Probability 
Populations per se 5 vs 10 0.2786 0.4237 0.6576 0.5111 
5 vs 20 3.9059 0.4237 9.2180 0.0000 
5 vs 30 0.6342 0.4237 1.4968 0.1351 
10 vs 20 3.6272 0.4237 8.5603 0.0000 
10 vs30 0.3556 0.4237 0.8392 0.4018 
20 vs 30 -3.2717 0.4237 -7.7211 0.0000 
Populations x CO 5 vs 10C0 0.5216 0.5312 0.9820 0.3266 
5 vs 20C0 2.6168 0.5312 4.9264 0.0000 
5 vs 30CO 2.8673 0.5312 5.3981 0.0000 
10 vs20C0 2.0952 0.5312 3.9444 0.0001 
10 vs30C0 2.3457 0.5312 4.4161 0.0000 
20 vs 30C0 0.2505 0.5312 0.4717 0.6374 
Populations x B97 5 vs 10 1.2794 0.4237 3.0193 0.0027 
5 vs 20 3.8703 0.4237 9.1340 0.0000 
5 vs 30 1.9736 0.4237 4.6577 0.0000 
10 vs20 2.5910 0.4237 6.1148 0.0000 
10 vs 30 0.6942 0.4237 1.6384 0.1020 
20 vs 30 -1.8967 0.4237 -4.4764 0.0000 
Populations x B73 5 vs 10 2.1476 0.4237 5.0685 0.0000 
5 vs 20 3.3970 0.4237 8.0170 0.0000 
5 vs 30 2.2908 0.4237 5.4064 0.0000 
10 vs20 1.2494 0.4237 2.9486 0.0033 
10 vs 30 0.1432 0.4237 0.3380 0.7355 
20 vs 30 -1.1062 0.4237 -2.6106 0.0093 
Populations selfs 5 vs 10 0.2733 0.4651 0.5877 0.5570 
5 vs 20 4.1210 0.4651 8.8607 0.0000 
5 vs 30 1.2278 0.5562 2.2074 0.0277 
10 vs 20 3.8476 0.4651 8.2730 0.0000 
10 vs30 0.9545 0.5562 1.7160 0.0868 
20 vs 30 -2.8931 0.5562 -5.2014 0.0000 
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Table E8. Matrix of differences between b-values of selection response for ear height 
(cm) in four effective population sizes of populations per se, populations top-
cross to CO, B97, and B73, and populations selfs in the BS11 maize population 
population. 
Effective 
Population Population Standard 
Type Size Difference Error (±) T-Value Probability 
Populations per se 5 vs 10 0.1921 0.3911 0.4912 0.6235 
5 vs 20 2.4977 0.3911 6.3868 0.0000 
5 vs 30 -0.1530 0.3911 -0.3912 0.6958 
10 vs20 2.3056 0.3911 5.8956 0.0000 
10 vs 30 -0.3451 0.3911 -0.8824 0.3780 
20 vs 30 -2.6507 0.3911 -6.7780 0.0000 
Populations x CO 5 vs lOCO 0.9637 0.4902 1.9658 0.0499 
5 vs 20C0 1.8192 0.4902 3.7110 0.0002 
5 vs 30CO 1.7496 0.4902 3.5690 0.0004 
10 vs 20C0 0.8556 0.4902 1.7452 0.0816 
10 vs 30C0 0.7860 0.4902 1.6032 0.1095 
20 vs 30C0 -0.0696 0.4902 -0.1420 0.8872 
Populations x B97 5 vs 10 0.8161 0.3911 2.0870 0.0374 
5 vs 20 2.6444 0.3911 6.7619 0.0000 
5 vs 30 1.0483 0.3911 2.6805 0.0076 
10 vs20 1.8282 0.3911 4.6750 0.0000 
10 vs 30 0.2321 0.3911 0.5936 0.5531 
20 vs 30 -1.5961 0.3911 -4.0814 0.0001 
Populations x B73 5 vs 10 1.8508 0.3911 4.7325 0.0000 
5 vs 20 2.7825 0.3911 7.1150 0.0000 
5 vs 30 1.2951 0.3911 3.3116 0.0010 
10 vs20 0.9317 0.3911 2.3824 0.0176 
10 vs 30 -0.5557 0.3911 -14209 0.1560 
20 vs 30 -1.4874 0.3911 -3.8034 0.0002 
Populations selfs 5 vs 10 0.1234 0.4010 0.3077 0.7584 
5 vs 20 1.9604 0.4010 4.8888 0.0000 
5 vs 30 0.2344 0.4796 0.4888 0.6252 
10 vs 20 1.8371 0.4010 4.5811 0.0000 
10 vs 30 0 .1111  0.4796 0.2316 0.8170 
20 vs 30 -1.7260 0.4796 -3.5989 0.0004 
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Table E9. Matrix of differences between b-values of selection response for mid-silk (days) 
in four effective population sizes of populations per se, populations top-cross to 
CO, B97, and B73, and populations selfs in the BS11 maize population. 
Effective 
Population Population Standard 
Type Size Difference Error (±) T-Value Probability 
Populations per se 5 vs 10 0.2291 0.0772 2.9679 0.0031 
5 vs 20 0.5215 0.0772 6.7546 0.0000 
5 vs 30 0.4528 0.0772 5.8655 0.0000 
10 vs 20 0.2923 0.0772 3.7867 0.0002 
10 vs 30 0.2237 0.0772 2.8977 0.0039 
20 vs 30 -0.0686 0.0772 -0.8891 0.3744 
Populations x CO 5 vs10C0 0.1577 0.0968 1.6296 0.1038 
5 vs 20C0 0.1654 0.0968 1.7090 0.0881 
5 vs 30C0 0.1298 0.0968 1.3413 0.1804 
10 vs20C0 0.0077 0.0968 0.0794 0.9367 
10 vs30C0 -0.0279 0.0968 -02884 0.7732 
20 vs 30C0 -0.0356 0.0968 -0.3678 0.7132 
Populations x B97 5 vs 10 0.0890 0.0772 1.1528 0.2496 
5 vs 20 0.4144 0.0772 5.3681 0.0000 
5 vs 30 0.2376 0.0772 3.0783 0.0022 
10 vs20 0.3254 0.0772 4.2154 0.0000 
10 vs 30 0.1487 0.0772 1.9255 0.0547 
20 vs 30 -0.1768 0.0772 -2.2898 0.0224 
Populations x B73 5 vs 10 -0.1221 0.0772 -1.5821 0.1143 
5 vs 20 0.1917 0.0772 2.4831 0.0134 
5 vs 30 0.0069 0.0772 0.0891 0.9290 
10 vs20 0.3138 0.0772 4.0652 0.0001 
10 vs 30 0.1290 0.0772 1.6712 0.0953 
20 vs 30 -0.1848 0.0772 -2.3940 0.0170 
Populations selfs 5 vs 10 0.1636 0.1254 1.3046 0.1926 
5 vs 20 0.6364 0.1254 5.0736 0.0000 
5 vs 30 0.5153 0.1500 3.4352 0.0006 
10 vs 20 0.4727 0.1254 3.7690 0.0002 
10 vs 30 0.3517 0.1500 2.3444 0.0195 
20 vs 30 -0.1211 0.1500 -0.8071 0.4200 
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Table ElO. Matrix of differences between b-values of selection response for mid-pollen shed 
(days) in four effective population sizes of populations per se, populations top-
cross to CO, B97, and B73, and populations selfs in the BS11 maize population. 
Effective 
Population Population Standard 
Type Size Difference Error (±) T-Value Probability 
Populations per se 5 vs 10 0.1994 0.0722 0.2687 0.7883 
5 vs 20 0.5270 0.0722 7.2940 0.0000 
5 vs 30 0.4475 0.0722 6.1944 0.0000 
10 vs 20 0.5075 0.0722 7.0253 0.0000 
10 vs 30 0.4281 0.0722 5.9257 0.0000 
20 vs 30 -0.0794 0.0722 -0.0996 0.2720 
Populations x CO 5 vs10C0 -0.1123 0.0906 -1.2396 0.2157 
5 vs 20C0 0.1122 0.0906 1.2394 0.2158 
5 vs 30C0 0.1079 0.0906 1.1918 0.2339 
10 vs 20C0 0.2245 0.0906 2.4790 0.0135 
10 vs 30C0 0.2202 0.0906 2.4314 0.0154 
20 vs 30C0 -0.0043 0.0906 -0.0475 0.9621 
Populations x B97 5 vs 10 -0.0178 0.0722 -0.2460 0.8058 
5 vs 20 0.4621 0.0722 6.3959 0.0000 
5 vs 30 0.2301 0.0722 3.1855 0.0015 
10 vs 20 0.4798 0.0722 6.6419 0.0000 
10 vs 30 0.2479 0.0722 3.4315 0.0006 
20 vs 30 -0.2319 0.0722 -3.2103 0.0014 
Populations x B73 5 vs 10 -0.1669 0.0722 -2.3105 0.0213 
5 vs 20 0.3800 0.0722 5.2593 0.0000 
5 vs 30 -0.0299 0.0722 -0.4135 0.6794 
10 vs 20 0.5469 0.0722 7.5697 0.0000 
10 vs30 0.1370 0.0722 1.8970 0.0584 
20 vs 30 -0.4098 0.0722 -5.6727 0.0000 
Populations selfs 5 vs 10 -0.1152 0.0482 -2.3905 0.0172 
5 vs 20 0.4606 0.0482 9.5622 0.0000 
5 vs 30 0.2154 0.0576 3.7394 0.0002 
10 vs20 0.5758 0.0482 11.9527 0.0000 
10 vs 30 0.3306 0.0576 5.7383 0.0000 
20 vs 30 -0.2452 0.0576 -4.2560 0.0000 
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Table El 1. Matrix of differences between b-values of selection response for ASI (days) in 
four effective population sizes of populations per se, populations top-cross to CO 
B97, and B73, and populations selfs in the BSl 1 maize population. 
Effective 
Population Population Standard 
Type Size Difference Error (±) T-Value Probability 
Populations per se 5 vs 10 0.2097 0.0272 7.7057 0.0000 
5 vs 20 -0.0055 0.0272 -0.2018 0.8401 
5 vs 30 0.0053 0.0272 0.1951 0.8454 
10 vs 20 -0.2152 0.0272 -7.9076 0.0000 
10 vs30 -0.2044 0.0272 -7.5107 0.0000 
20 vs 30 0.0108 0.0272 0.3969 0.6916 
Populations x CO 5 vs 10C0 0.2700 0.0341 7.9135 0.0000 
5 vs 20C0 0.0532 0.0341 1.5580 0.1199 
5 vs 30C0 0.0219 0.0341 0.6410 0.5218 
10 vs 20C0 -0.2168 0.0341 -6.3555 0.0000 
10 vs30C0 -0.2481 0.0341 -7.2725 0.0000 
20 vs 30C0 -0.0313 0.0341 -0.9170 0.3596 
Populations x B97 5 vs 10 0.1068 0.0272 3.9232 0.0001 
5 vs 20 -0.0476 0.0272 -1.7507 0.0806 
5 vs 30 0.0075 0.0272 0.2759 0.7827 
10 vs 20 -0.1544 0.0272 -5.6738 0.0000 
10 vs 30 -0.0993 0.0272 -3.6472 0.0003 
20 vs 30 0.0552 0.0272 2.0266 0.0432 
Populations x B73 5 vs 10 0.0448 0.0272 1.6454 0.1005 
5 vs 20 -0.1883 0.0272 -6.9174 0.0000 
5 vs 30 0.0368 0.0272 1.3505 0.1775 
10 vs 20 -0.2330 0.0272 -8.5628 0.0000 
10 vs 30 -0.0080 0.0272 -0.2950 0.7681 
20 vs 30 0.2250 0.0272 8.2678 0.0000 
Populations selfs 5 vs 10 0.2788 0.1158 2.4073 0.0164 
5 vs 20 0.1758 0.1158 1.5177 0.1297 
5 vs 30 0.2999 0.1385 2.1652 0.0308 
10 vs 20 -0.1030 0.1158 -0.8897 0.3741 
10 vs 30 0.0211 0.1385 0.1523 0.8790 
20 vs 30 0.1241 0.1385 0.8962 0.3706 
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Table El 2. Matrix of differences between b-values of genetic effects (additive and 
dominance) in four effective population sizes for 12 agronomic traits in the 
BSl 1 maize population. 
Effective 
Agronomic Population Standard 
Trait Size Difference Error (±) T-Value Probability 
Grain Yield (Mg ha"1) 5 vs 10 -0.2529 0.0660 -3.8340 0.0001 
5 vs 20 -0.1918 0.0660 -2.9076 0.0038 
5 vs 30 -0.2772 0.0670 -4.1388 0.0000 
10 vs 20 0.0611 0.0660 0.9264 0.3547 
10 vs 30 -0.0243 0.0670 -0.3629 0.7168 
20 vs 30 -0.0854 0.0670 -1.2753 0.2028 
Grain Moisture (g kg"1) 5 vs 10 1.6474 0.4420 3.7273 0.0002 
5 vs 20 1.9311 0.4420 4.3691 0.0000 
5 vs 30 0.4900 0.4448 1.1015 0.2712 
10 vs 20 0.2837 0.4420 0.6418 0.5013 
10 vs 30 -1.1574 0.4448 -2.6019 0.0095 
20 vs 30 -1.4411 0.4448 -3.2396 0.0013 
Root Lodging (%) 5 vs 10 0.2055 0.2824 0.7277 0.4671 
5 vs 20 0.7302 0.2824 2.5853 0.0100 
5 vs 30 0.3358 0.2857 1.1755 0.2404 
10 vs 20 0.5247 0.2824 1.8576 0.0638 
10 vs 30 0.1303 0.2857 0.4560 0.6486 
20 vs 30 -0.3944 0.2857 -1.3806 0.1680 
Stalk Lodging (%) 5 vs 10 0.4380 0.6231 0.7028 0.4825 
5 vs 20 0.5782 0.6231 0.9279 0.3539 
5 vs 30 -0.1948 0.6279 -0.3103 0.7565 
10 vs 20 0.1402 0.6231 0.2251 0.8220 
10 vs 30 -0.6328 0.6279 -1.0078 0.3140 
20 vs 30 -0.7730 0.6279 -1.2312 0.2188 
Plant Height (cm) 5 vs 10 0.3360 0.7866 0.4272 0.6694 
5 vs 20 5.3622 0.7866 6.8173 0.0000 
5 vs 30 4.1090 0.7922 5.1867 0.0000 
10 vs20 5.0261 0.7866 6.3900 0.0000 
10 vs 30 3.7729 0.7922 4.7625 0.0000 
20 vs 30 -1.2532 0.7922 -1.5819 0.1143 
Ear Height (cm) 5 vs 10 -0.1624 0.7237 -0.2244 0.8225 
5 vs 20 1.7501 0.7237 2.4182 0.0160 
5 vs 30 0.8997 0.7297 1.2331 0.2181 
10 vs 20 1.9125 0.7237 2.6426 0.0085 
10 vs 30 1.0622 0.7297 1.4557 0.1461 
20 vs 30 -0.8504 0.7297 -1.1654 0.2444 
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Table El2. (continued) 
Effective 
Agronomic Population Standard 
Trait Size Difference Error (±) T-Value Probability 
Stand (1000 Plant ha"1) 5 vs 10 -0.0396 0.2148 -0.1844 0.8537 
5 vs 20 -0.0216 0.2148 -0.1003 0.9201 
5 vs 30 0.0917 0.2154 0.4260 0.6703 
10 vs20 0.0181 0.2148 0.0841 0.9330 
10 vs 30 0.1314 0.2154 0.6099 0.5422 
20 vs 30 0.1133 0.2154 0.5260 0.5991 
Dropped Ears (%) 5 vs 10 0.4970 0.2758 1.8020 0.0722 
5 vs 20 0.8569 0.2758 3.1072 0.0020 
5 vs 30 0.3379 0.2767 1.2209 02227 
10 vs 20 0.3600 0.2758 1.3052 0.1924 
10 vs 30 -0.1591 0.2767 -0.5750 0.5656 
20 vs 30 -0.5191 0.2767 -1.8758 0.0613 
Mid-Silk (days) 5 vs 10 0.2725 0.1450 1.8798 0.0607 
5 vs 20 0.5093 0.1450 3.5133 0.0005 
5 vs 30 0.3779 0.1455 2.5977 0.0097 
10 vs 20 02368 0.1450 1.6335 0.1030 
10 vs 30 0.1053 0.1455 0.7241 0.4693 
20 vs 30 -0.1315 0.1455 -0.9039 0.3665 
Mid-Pollen Shed (days) 5 vs 10 -0.0987 0.1296 -0.7614 0.4468 
5 vs 20 0.4477 0.1296 3.4537 0.0006 
5 vs 30 0.4035 0.1320 3.0564 0.0024 
10 vs 20 0.5464 0.1296 4.2150 0.0000 
10 vs 30 0.5022 0.1320 3.8040 0.0002 
20 vs 30 -0.0442 0.1320 -0.3348 0.7380 
ASI (days) 5 vs 10 0.4194 0.0515 8.1363 0.0000 
5 vs 20 0.1568 0.0515 3.0415 0.0025 
5 vs 30 0.0624 0.0516 1.2095 0.2270 
10 vs 20 -0.2626 0.0515 -5.0948 0.0000 
10 vs 30 -0.3570 0.0516 -6.9228 0.0000 
20 vs 30 -0.0944 0.0516 -1.8305 0.0678 
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APPENDIX F. COMBINED ANALYSIS OF VARIANCE 
TABLE FOR THE INBRED ENTRIES 
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Table Fl. Combined analysis of variance (over six environments) for inbred set (selfed 
populations) experiment of effective population sizes for 10 agronomic traits in the 
BSl 1 maize population. 
Agronomic 
Trait 
Sources of 
Variation 
Degrees of 
Freedom 
Sums of 
Square 
Mean 
Square F-Value Pr > F 
Grain yield 
(Mg ha"1) 
Env 
Rep(Env) 
Entry 
Env x Entry 
Total 
5 
12 
23 
115 
155 
33987.55551 
741.32327 
7594.07489 
4075.31310 
6797.51110 
61.77694 
330.17717 
35.43751 
R-square =0.88033, Coeff Var (%) = 14.01091, yield mean =34.31458 
294.08 
2.67 
14.28 
1.53 
< 0.0000 
0.0021 
<0.0001 
0.0025 
Stand (1000 Env 5 765.156079 153.031216 8.78 <0.0001 
plants ha"1) Rep(Env) 12 371.575873 30.964656 1.78 0.0517 
Entry 23 592.689684 25.769117 1.48 0.0764 
Env x Entry 115 2564.277926 22.2980069 1.28 0.0531 
Total 155 4293.699562 
R-square = 0.47167, Coeff Var (%) = - 7.07274, stand mean = 59.02150 
Grain moisture Env 5 2593.229931 518.645986 152.57 <0.0001 
(g kg"') Rep(Env) 12 91.086944 7.590579 2.23 0.0106 
Entry 23 480.137569 20.875546 6.14 <0.0001 
Env x Entry 115 433.290625 3.767745 1.11 0.2481 
Total 155 3597.745069 
R-square = 0.793156, Coeff Var (%) = 7.904380, moisture mean = 23.32569 
Root lodging 
(%) 
Env 
Rep(Env) 
Entry 
Env x Entry 
Total 
4 
10 
23 
92 
129 
250.2520.398 
75.3273708 
646.7272912 
805.0132840 
1777.3199860 
62.5630100 
7.5327371 
28.1185779 
8.7501444 
824 
0.99 
3.70 
1.15 
<0.0001 
0.4511 
<0.0001 
0.1992 
R-square = 0.504389, Coeff Var (%) =161.2879, root lodging mean = 1.708461 
Stalk lodging 
(%) 
Env 
Rep(Env) 
Entry 
Env x Entry 
Total 
4 
10 
23 
92 
129 
33518.49264 
184.44692 
5000.00657 
5870.31603 
44573.26217 
8379.62316 
18.44469 
217.39159 
63.80778 
263.47 
0.58 
6.84 
2.01 
R-square = 0.859021, Coeff Var (%) = 44.58140, stalk lodging mean = 12.65014 
<0.0001 
0.8296 
<0.0001 
<0.0001 
Dropped ears 
(%) 
Env 
Rep(Env) 
Entry 
Env x Entry 
Total 
4 
10 
23 
92 
129 
6758.840489 
401.662498 
1250.406034 
2559.452190 
10970.361210 
1689.710122 
40.166250 
54.365480 
27.820133 
131.143 
3.12 
4.22 
2.16 
R-square = 0.787314, Coeff Var (%) = 92.72637, dropped ears mean = 3.871138 
Env = Environment, Rep = Replication, Coeff Var = Coefficient of variation, 
Pr = Probability. 
<0.0001 
0.0009 
<0.0001 
<0.0001 
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Table Fl. (continued) 
Agronomic Sources of Degrees of Sums of Mean 
Trait Variation Freedom Square Square F-Value Pr > F 
Plant height Env 4 25467.71667 6366.92917 81.10 <0.0001 
(cm) Rep(Env) 10 3054.99722 305.49972 3.89 <0.0001 
Entry 23 34841.89597 1514.86504 19.30 <0.0001 
Env x Entry 92 9850.47667 107.07040 1.36 0.0330 
Total 129 73215.08653 
R-square = 0.802175, Coeff Var (%) l = 4.312431, plant height mean = 205.4569 
Ear height Env 4 12978.95135 3244.73784 51.13 <0.0001 
(cm) Rep(Env) 10 1340.65175 134.06518 2.11 0.0244 
Entry 23 27762.19622 1207.05201 19.02 <0.0001 
Env x Entry 92 7323.08694 79.59877 1.25 0.0898 
Total 129 49404.88626 
R-square = 0.771950, Coeff Var (%) i = 7.544593, ear height mean = 105.5858 
Mid-silk Env 1 264.06250 264.06250 66.81 <0.0001 
(days) Rep(Env) 4 26.38889 6.59722 1.67 0.1639 
Entry 23 644.82639 28.03593 7.09 <0.0001 
Env x Entry 23 179.10417 7.78714 1.97 0.0124 
Total 51 1114.38194 
R-square = 0.753983, Coeff Var (%) = 2.325379, silk date mean = 85.49306 
Mid-pollen Env 1 420.25000 420.25000 501.57 <0.0001 
Shed (days) Rep(Env) 4 12.91667 3.22917 3.85 0.0061 
Entry 23 295.33333 12.84058 15.33 <0.0001 
Env x Entry 23 26.41667 1.14855 1.37 0.1475 
Total 51 754.91667 
R-square = 0.907352, Coeff Var (%) = 1.130060, pollen date mean = 81.00000 
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